
United States Department of the Interior
GEOLOGICAL SURVEY

Post Office Box 2857
Raleigh, North Carolina 27602

March 20, 1985

Commanding General
Assistant Chief of Staff Facilities
Attention: Director NREAD
Marine Corps Base
Camp Lejeune, NC 28524

Dear Sir:

I bve enclosed copies of three reports that I discussed during my March 7,
1985, meeting at Camp Lejeune with Col. Luttrell and Messrs. Wooten,
Sharpe, and Johnson.

The report, "Ground-water contamination at Wurtsmith Air Force Base,
Michigan," U.S. Geological Survey Water Resources Investigations Report
83-4002, is an example of the type of investigation the U.S. Geological
Survey has performed in conjunction with the military. The investigation
involved determining the direction of ground-water flow and organic
contaminant movement. Digltal-modeling techniques were used to determine
the most suitable sites to install purge wells used to remove the wastes.

The report, "Reconnaissance study of potential ground-water contamination
at waste-disposal sites, Marine Corps Air Station, Cherry Point, North
Carolina," and "Outline of ground-water quality assessment plan for
industrial waste sludge pits, Cherry Point Marine Corps Air Station,
Havelock, N.C.," show the work we did at Cherry Point to help the staff of
NREAD understand the ground-water conditions at their waste sludge pits and
the plan we prepared to help them meet RCRA requirements.

I enjoyed meeting with you. If we can be of any help to you with the
ground-water contamination problems or in assessing the general
ground-water resource of the Base area, please let us know.

Sincerely yours,

Ronald W. Coble, Chief
Hydrologic Studies Section

Enclosures

RWC:ceh





RECONNAISSANCE STUDY OF POTENTIAL GROUND-WATER CONTAMINATION AT WASTE-

DISPOSAL SITES, MARINE CORPS AIR STATION, CHERRY POINT, NORTH CAROLINA

U.S. GEOLOGICAL SURVEY

Oen-File Report

Prepared in cooperation with

U.S. MARINE CORPS

PROVISIONAL DRAFT
Subject to Revision

DO NOT QUOTE OR RELEASE





RECONNAISSANCE STUDY OF POTENTIAL GROUND-WATER CONTAMINATION AT WASTE-

DISPOSAL SITES, MARINE CORPS AIR STATION, CHERRY POINT, NORTH CAROLINA

By N. Bonar Sharpless and Ronald W. Coble

U.S. GEOLOGICAL SURVEY

Open-File Report

Prepared in cooperation with

U.S. MARINE CORPS

Subject to Revision

DO NOT QUOTE 0"-’

Raleigh, orth Carolina

1983





UNITED STATES DEPARTMENT OF THE INTERIOR

JAMES G. WATT, Secretary

GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information
write to:

James F. Turner, District Chief
U.S. Geological Survey
Post Office Box 2857
Raleigh, North Carolina 27602
(Telephone: (919) 755-4510)





CONTENTS

Page

Abstract .............................................................. 5

Introducton ..........................................................
9Purpose and scope ................................................
I0Acknowlegments, ..................................................

Hydrogeology .......................................................... 10

Ground-water movement ................................................. 14

Contamination potential and monitoring well network design 17

Conclusions ........................................................... 17

ILLUSTRATIONS

Page

Plate I. Water-table altitude map of the waste-disposal area at

Cherry Point Marine Corps Air Station in Havelock, North

Carolina ..................................................... in pocket

Figure 1. Map showing location of the Cherry Point Marine Corps

Air Station .............................................. 7

2. Map showing waste-disposal area ............................
3. Hydrogeologic section from supply well 14 to supply

PROViSi0 AI.:.t)
Subject to Revision

DO NOT QUOTE
Pending Approvai by

Table 1.

TABLES

Types of wastes placed in Cherry Point Marine Corps Air

Station industrial -.ste surface impoundmeDts

12

13

Page

2. Data for water-table aquifer observation wel]s at Cherry

Foint Marine Corps Air Station 15





RECONNAISSANCE STUDY OF POTENTIAL GROUND-WATER CONTAMINATION AT WASTE-

DISPOSAL SITES, MARINE CORPS AIR STATION, CHERRY POINT, NORTH CAROLINA

By N. Bonar Sharpless and Ronald W. Coble

ABSTRACT

Industrial wastes resulting from operations at the Naval Aircraft

Rework Facility at the Cherry Point Marine Corps Air Station were disposed

of in surface impoundments in a sanitary landfill area north of Turkey Gut.

A water-table altitude map of the entire landfill area and estimates of

aquifer hydraulic properties indicate ground water in the water-table

aquifer moves from the pit area directly to nearby Turkey Gut, and reach it

in a period of from 540 to 5400 days. Wastes infiltrating into the

ground-water body are expected to move in the same direction.

The altitude of the potentiometric surface of the artesian aquifer that

is the source of the Air Station’s water supply is below that of the water

table in the landfill area. Therefore, the potential exists for contami-

nated water in the water-table aquifer to move through the confining-bed

layers separating the two aquifers and to contaminate the artesian aquifer.
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INTRODUCTION

All wastes at the Cherry Point Marine Corps Air Station (MCAS) in Havelock,

North Carolina, (figure I) were disposed of in the waste-disposal area on the

south side of Turkey Gut adjacent to Slocum Creek (plate .I) beginning in

about 1955. Various methods including landspreading, burning, surface im-

poundment of liquid wastes, and burial were used to dispose of the wastes.

In the late 1970’s waste-disposal activities ceased at that site and were Fig.

moved to the north side of Turkey Gut where a sanitary landfill and two new near

industrial waste surface impoundments were developed. These impoundments here

received 2,000 to 8,000 gallons of industrial wastes per week (table I) from

the industrial ste-treatment plant serving the Air Station’s Naval Aircraft Table

Rework Facility (NARF) during the period of their maximum use. Treatment at. near

the industrial waste-treatment plant consists of settling, alum addition, here

clarification, and pH adjustment. Concentrated cyanide and chromic acid

solutions are treated in the batch mode. This historical information comes

from a NavEl Energy and Environmental Support Activity draft report

pared for the Air Station and from oral communication with D. Travis and

R. Herbig, Department of Natural Resources and Environmental Affairs of the

Cherry Point Msrine Corps Air Station.

In spite of efforts to treat them, some of the wastes could still repre-

sent a threat to water quality if they leave the impoundments and enter the

gound-water system in significant quantities; therefore, limited monitoring

of the industrial waste surface impoundments began in 1977. Irregular sam-

pling continued from that time until late 1981 when a new monitoring well

system was installed. This system, designed to fulfill the requirements of

the Resource Conservation and Recovery Act (RCRA), as described in Federal

Regulations 33.073 (1980), codified in 40 CFR 265.91 (subpart F), monitored

gound ater leaving the entire landfill area on the north side of Turkey

6
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Table 1.--Type of ste paced in Cherry Point HAS Industrial
aste surface pourJdments

Waste TZp

Industrial Wastes

Tank Strippers

Paint Sludges

Oil and Chemical

Mix ture

Grease Trap Wastes

Viscellaneous Wastes

Generation Rate

hOOD gal/week

lOO00 gal/year

12000 gal/year

8000 to
5000 BI/year

500 Kal/month

3000-000 gal/year

FreDuencv of DsDesal
Termination D:e of
Surface Impour,.ments

weekly Jan. 25,

quarterly 1981

monthly 1981

weekly 1981

weekly 1981

erratic 1981





Gut; however, it is inadequate for monltorin the movement of wastes speel-

flcally from the industrial waste surface impoundments. Ac0ordlng to BCRA

regulations, the effects on the ground-water system of wastes from these

poundments must be separated from the effects on the system of the surroundin

landfill.

Disposal of wastes in the surface impoundments ceased January 26, 1983,

and clean-up activities are planned. Monitoring requirements still must be

met, and an outline for a ground-water quality assessment plan must be

prepared in accordance with 265.93 (subpart F). In order to meet these

requirements an understandin of the hydrologic system in the waste-disposal

area is needed. In late 1982 the U.S. Geological Survey, in cooperation

with the U.S. Marine Corps, undertook a reconnaissance study to define the

hydrologic system in that area. -"" ’ ’’ z

Subiect to Revision
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This report describes the results of this study with the goals of

definin the geohydrologie system, determinin the potential for

ground-water contamination from the waste-disposal impoundments, and

designing a monitoring-well system to meet BCRA regulations. The

reconnaissance study was conducted between October 1982 and January 1983.

The scope of the work included: (1) reviewin existin information

including engineering reports, drillers’ logs, and borehole geophysical

logs; (2) running a bozehole geophysical log (gamma-ray log) of a supply

well in order to help define the hydroeologic framework; (3) installin

several new rater-level observation wells in the water-table aquifer; ()

measuring water levels in all new nd existing observatCon wells in or4er to

9





prepare a water-table altitude map and to determine the direction of

ground-water movement in the waste-disposal area; and (5) measuring water

levels in accessible supply wells to determine the head relationship between

the water-table aquifer and the supply aquifer.

All altitudes reported herein are relative to the National Geodetic

Vertical Datum of 1929 (NGVD of 1929), a geodetic datum derived from a

general adjustment of the first-rder level nets of both the United States

and Canada, formerly called "Mean Sea Level." The NGVD of 1929 is referred

to as sea level in this report.
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HYDROGEOLOGY

The hydrogeology of the area was interpreted from geophysical and

drillers’ logs of the Air Station’s supply wells. While sedimentary rocks

extend to a depth greater than 2,000 feet in the area (Floyd, 1969), only

the upper 150 feet of sediments are considered in this report

:’,
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The l;-=ermost unit considered is the Tertiary-aged limestone and

calcareous ::-andstone aquifer considered to be part of the Eocene_aged
Castle Hayne limestone and over]yinE undifferentiated OlEooene_aEed rocks.
This unit is the source of the Air Station’s water supply (see section in
figure 3 nd location of section in figure 2). This unit is an artesian

aquifer whio: is slightly more than ?00 feet thick in the Cherry Point

area. The tp of the aquifer is approximately 85 feet below sea level, nd

the upper 300 to 350 feet contains freshwater (Floyd, 1969). Typical yields

to supply wes range from 200 to h00 gallons per minute. LrEer yields

easily eoul e obtained, but not without some danger of causing upooninE of

deep lying s-Itwater toward the bottom o the wet1.

This artesian aquifer is overlain by a clay layer which averages 16
feet in thiecness (eonTininE bed 2 on figure 2). This clay layer retards

the movement of water into and out oT the top of the supply aquifer; it is

the oonTini bed for that aquifer.

A thin sand aquifer, with an average thickness of 19 feet, overlies

confining bed two (fiE 2). None oT the Air Station’s supply wells tap this

aquifer, and little is known about its hydraulic characteristics.
Confining bed one, with an average thickness of 30 feet, ovepes the

snd aquifer. This confining bed consists oT interbedded clays and silty

sands which restrict the movement oT water between the underlying sand

aquifer ad the overlying water-table aquifer.

The water-table aquifer ovelies confining bed one (TIE. 2). This

aquifer extends from the water table, the top of the saturated zone to a

depth of 15 to 30 feet below sea level.

11
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GROUND-WATER MOYENT

Eighteen water-table aquifer observation wells, three of which had been

used for water-quality monitoring, existed in the waste-disposal area at the

beginning of this study (plate I and table 2). The Geological Survey in-

stalled 11 additional water-level observation wells needed to further define

the configuration of the water table in the waste-disposal area. Twenty-eigh

of these wells were used to prepare a water-table altitude map (plate I).

Table

near

here

The ground water in the water-table aquifer moving beneath the surface

impoundments moves away from the impoundments from areas of high hydraulic

head to areas of lower head. On plate I, this direction is shown by means of

flow lines (arrows) which show ground-water movement perpendicular to the

water-table contours and in the direction from high-value contours toward

lower-value contours. Thus the ground water passing beneath the impoundments

moves to and discharges to Turkey Gut, which in turn flows into Slocum Creek.

The average velocity of ground-water flow in the water-table aquifer can

be estimated by use of an equation derived from Darcy’s law (Heath, 1980).

The equation is:

K dh where
n dl

average water velocity in feet per day;

K hydraulic conductivity of the aquifer
material in feet per day;

n porosity of the aquifer material; and

dh hydraulic gradient of the water table.., D’
’:’T UO E OR RELEASE
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Schnabel Engineering Associates, consulting geotechnical engineers

based in ichmond, Va., performed falling-head slug tests in ate 1981 to

determine the hydraulic conductivity of the water-table aquifer at several

points in the waste-disposal area. Their estimates, based on those tests,

range from 1.4 feet per day to 14 feet per day, These estimates

agree with values given by Lohman (1972, p. 53) for fine to very fine sand,

such as that which comprises the water-table aquifer in the waste-disposal

area at Cherry Point.

Porosity can be estimated knowing the type of material comprising the

aquifer. The porosity is estimated to be 30 percent for this aquifer. The

water-table gradient, measured from plate I, is approximately 5 feet per 350

feet, or 1.4 X 10-2 between the surface impoundments and Turkey Gut. Using

these values in the equation, the estimated average ground-water velocity in

this area is 0.065 to 0.65 feet per day. The time required for the ground

water to travel the 350 feet between the edge of the downgradient impound-

ment and Turket Gut at these velocities is roughly 5,400 to 540 days.

It is important to keep in mind that these estimates are for the

average ground-water velocity and time of travel. Some of the water may

move more slowly and some will move more rapidly. Also, some of the waste

constituents’ velocities may deviate significantly from this average

ground-water velocity.

The waste-disposal area is bounded on three sides by streams to which

the ground water moving through the waste-disposal area discharges. The

fourth side of the waste-disposal area is in the upgradient direction, and

as a result, little potential exists for ground water to remain in the

water-table aquifer and Dove beyond the boundaries of the

area. PROVIS!
Subiect to Revision
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Several ter-supply wells, which withdraw water from the artesian

supply aquifer, are near the waste-dsposal area (see plate I ).

These wells are not pumped on a regular schedule, but rather on an as-needed

basis. Water levels could not be measured in all of.these wells because

access into the well casing was not possible wh%re the pumps were in place.

Two supply wells, numbers 10 and 20, were accessible, and water-level mea-

surements made in them are listed in the accompanying table. The water

Well Dat___e
Depth to
Water

Altitude of

land surface (ft)
Potentiometric

surface altitude (ft)

10 4 Nov 82 20 22 2

20 6 Oct 82 11 16 5

20 17 Jan 83 11 16 5

level in supply well 10 was more than 10 feet below the altitude of the

water table in that area. Likewise the water level in supply well 20 was

lower than the expected water-table altitude of about 8 feet at that

location, although the head difference there was only about 3 feet. One can

conclude that the potentiometric surface of the artesian aquifer is at a

lower altitude than the water-table surface throughout the general

waste-disposal site area.

CONTAMINATION POTENTIAL AND MONITORING WELL NETWORK DESIGN

As a general rule, wastes that leak from the surface impoundments and

reach the water table will move downgradient with .the ground water to the

point of ground-water discharge. Several factors omplicate the situation,

however, and should be considered in assessing the potential for contamina-

tion of the ground-water system and, therefore, in desi t

well network. StbieC% to Revis%0n
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The wastes that have been placed in the surface impoundments range

widely in density, from much less than to much greater than the density of

water. The less dense materials will tend to float on top of the ground

water and a small portion may even move slightly upgradient; however, the

major component of movement will still be in the downgradient direction.

The more dense heavy materials will tend to sink to the lower part of the

water-table aquifer. Thus, in order to accurately monitor the movement of

the various waste constituents, the monitoring network must provide for

multi-depth sampling. A well nest would achieve this most satisfactorily.

Not all of the waste constituents will move through the underground

system at the same rate. Some constituents are strongly sorbed to soil

particles and organic material in the soil, and their concentrations in the

ground water are diminished accordingly. Others may not be significantly

attenuated Y the soil. Biotransformation and degradation by micro-organisms

my also deplete some constituents in the ground water. These factors point

to the need for careful selection of the indicator constituents if the second

phase of monitoring (as described in 40 CFS 265.93(d)(3)) is required. More

thorough consideration of these factors and the selection of indicator con-

stituents to be used if a second phase of monitoring is required are beyond

the scope of this study.

Given the water-table configuration, there is little potential for con-

taminating the water-table aquifer beyond the bounds of the waste-disposal

area; however, Turkey Gut and Slocum Creek may be receiving significant quan-

tities of industrial wastes and waste constitONA[FT
Subject to Revision
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carefully monitored sampled regularly upstream from, adjacent to, and

downstream from the waste-disposal area in order to determine how the dispo-

sal of industrial wastes in the waste-disposal aea affects the water quality

of the streams.

The quality of the raw water withdrawn from the supply aquifer, parti-

cularly from supply wells 4, 8, 10, 13, and 20 should also be monitored on a

regular basis. Having the hydraulic heads in the supply aquifer lower than

the heads in the water-table aquifer provides a driving force for movement of

contaminated ground water down from the water-table aquifer into the supply

aquifer. The two clay layers that separate the aquifers impede the flow of

ground water and wastes from the water-table aquifer to the supply aquifer;

however, these clay beds are not totally impervious and do not preclude such

movement. In addition, deep wells that were improperly constructed or

plugged, or that have corroded casings, may provide direct connection between

the aquifers.

: CONCLUSIONS

The water-table aquifer in the wgste-disposal area at the Cherry Point

MCAS is underlain by a thin sand aquifer and a thick sandy limestone aquifer.

Confining beds (clay layers) separate the three aquifers.

It is unlikely that wastes placed in the industrial waste surface im-

poundments will contaminate the water-table aquifer beyond the limits of the

waste-disposal area north of Turkey Gut. Ground water moves beneath the

surface impoundments to Turkey Gut and, in turn, to Slocum Creek. On the

average, 540 tO 5400 days are required for

Subiect to Revision
DO NOT QUOTE OR

U. S. Geo’ ogi al Survey





impoundments to Turkey Cut. Density differences among the various waste

constituents may cause stratification within the water-table aquifer; there-

fore, multl-depth sampling should be used in monitoring the ground-water

quality.

The threat of contamination is greater for the streams surrounding the

waste-dlsposal area and for the underlying aquifers. The streams receive the

ground water and waste constituents moving laterally through the water-

table aquifer and should, therefore, be samples upstream from, adjacent to,

and downstream from the discharge points for ground water travelling beneath

the surface impoundments.

The hydraulic heads are lower in the supply aquifer than in the water-

table aquifer, particularly near pumping supply wells. These head differences

provide the potential for ground water and wastes in the water-table aquifer

to move down into the supply aquifer. The two clay layers that lie between

the water-table aquifer and the supply aquifer serve to impede the flow betweem

hese aquifers, but they may not prevent movement; therefore, the quality of

the raw water, particularly that withdrawn from supply well numbers 4, 8, 10,

13, and 20 should be monitored regularly.

Subiect to Revision
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INTRODUCTION

The landfills adjacent to Slocum Creek and Turkey Gut have been the ir

Station’s primary waste-disposal sites since about 1955. From that time

until the late 1970’s, the Air Station disposed of wastes on the south side

of Turkey Gut. Various methods including landspreading, burning, surface

impoundments, and burial were used for disposing of hazardous wastes at that

site. Several surface impoundments on the south side of Turkey Gut were used

for disposal of industrial mstes generated at the Naval Aircraft Rework

Facility (NARF) at the Air Station. These impoundments subsequently were

covered in the landfill area. In the late 1970’s, landfilling operations

were moved to the north side of Turkey Gut where two surface impoundments

were opened for disposal of industrial-wmste sludge and remained in operation

until early 1983. These two impoundments are subject to Resource Conservation

and Recovery Act (RCRA) regulations. Their closure began January 26, 1983,

and even though no additional wastes will be placed in them, an outline of a

ground-water quality assessment plan is still required by the North Carolina

Department of Human Resources, Solid and Hazardous Waste Management Branch..

This plan is to be implemented only in the event that more comprehensive

ground-wter monitoring (in addition to that presently required under RCRA

Subpart F 265.91 and 265.92) is deemed necessary.

This outline lists procedures for determining: (1) whether waste con-

stituents have entered the ground-water system; (2) the rate of movement of

the constituents and the distance they may have moved; and (3) the concen-

tration of constituents in the ground-wter system. De

construction are included in the appendix to this outlie.
Svb.iect to Revision
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The Air Station’s industrial-waste surface impoundments present a diffi-

cult situation with respect to detection of waste movement. The impoundments

are in an active landfill which receives domestic-type refuse typleal of any

small city and sludge from the Station’s water-treatment plant.. The water

around the impoundments may be contaminated with leachate from the landfill.

A barrel-storage area for stocks of industrial chemicals used in the NARF and

which are similar to those placed in the impoundments lies just north of the

impoundments. Chemicals that might leak from the barrels could move down into

the ground-water system. Because of the surroundin landfill and the barrel-

stoage area, ground water upgradient from the impoundment may already be

contaminated before it reaches the impoundment area where it could receive

additional waste constituents from those impoundments. Therefore, the

industrial-waste impoundments miy not be responsible for all of the ground-

water pollution in the area downgradient from the impoundments.





Ground-Water Quality Assessment Plan Outline for Industrial-Waste Surface

Impoundments

I. Determine whether hazardous-waste constituents from the surface

impoundments have entered the ground-water system.

A. Determine water-table gradient and direction of ground-water flow

to predict the probable direction of pollutant movement from the

impoundments. This is accomplished by measuring water levels in

water-table observation wells, constructing a water-table contour

map from these data, and drawing ground-water flow lines perpen-

dicular to the contours. See figure I.

B. I. Collect ground-water samples upgradient from the surface im-

poundments before possible contamination by the impoundments.

The samples are to be collected from a monitor well to be

located 85 feet S. 85E. of the eastern surface impoundment as

shown on figure I. This well should be screened through the

entire water-table aquifer, and a multi-depth sampling proce-

dure should be applied. This can be achieved by setting

screens at regular intervals in the well; isolate each inter-

vl with an inflatable packer and withdraw water from each

isolated interval. As an alternative, a well nest consisting

of several wells each screened through a short interval in the

water-table aquifer could be constructed here. Water from the

one well or nested wells may show contamination from the sur-

rounding landfill and from the barrel-storage area. Chemical

analyses of these samples will define the quality of the

ground water before it travels beneath the surface impound-

ments. Existing observation well I shown in figure I serves





Figure 1.--Water-table contour map of waste-disposal area,

Cherry Point Marine Corps Air Station, Havelock, N.C.
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as a background monitor well needed to define the quality of

ground water unaffected by the landfill, barrel-storage area

or the surface impoundments. Well 18 should be sampled as

prescribed by RCRA requirements.

Collect ground-water samples from three monitor wells down-

gradient from the surface impoundments. Comparisons of water-

sample analyses from these three wells with analyses from the

previously described upgradient wells and from the background

well (well 18) will indicate changes in quality of ground

water as it passes beneath the impoundments. These downgra-

dient wells will be between the impoundments and Turkey Gut

(see figure I). They comprise a well nest designed to deter-

mine vertical variation in water quality. They will be

arranged in an equilateral triangle pattern, 5 feet on each

side (fig. 2). The first well will be screened through the

top third of the water-table aquifer; the second cased through

the top third and screened through the middle third; and the

third well drilled to the top of the confining bed, cased

through the upper two thirds of the aquifer, and screened

through the lower third (fig. 3 and Appendix). The water

table aquifer is 35-50 feet thick beneath the Cherry Point

MCAS (figs. 4 and 5).
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Figure 2.--Arrangement of the well nest downgradient from the industrial
waste-surface impoundments.
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II. Determine rate and extent of migration of hazardous-waste constituents

in the gmound water.

The average rate of movement of waste constituents through the

Emound-water system is considered to be generally the same as the

average Eound-water velocity.

A. The average ground-water veloelty can be estimated by use of the

K dh
equation n dl

where = average water velocity in feet per day;

K = hydraulic conductivity of aquifer materials in feet per da!;

dh = hydraulic gradient of the water table; and
dl

n porosity of the aquifer materials.

Some wastes will move at a higher velocity, and some will move at

a lower velocity; however, this method provides an adequate esti-

mate of average Emound-water velocity and the average mate of

movement of waste constituents. The hydraulic gradient can be

determined from a wter-table contour map. Hydraulic conductivity

and porosity can be determined fmom laboratory tests of cores of

aquifer material or from field tests.

Water samples collected from several wells arranged in two lines

downgradient from the impoundments can provide further information

on the rate and extent of migration of waste constituents in the

water-table aquifer. One line placed parallel to and within the

estimated flow path of the ground water passing beneath the im-

poundments and extending from near the impound .
of ground-water discharge at Turkey Gut would gauge atooevision
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wastes as they move downgradient from the impoundments. Water

samples withdrawn from a second line of wells perpendicular to the

first line would monitor the dispersion and possible lateral move-

ment of wastes.

Each of these wells should be drilled through the entire thickness

of the water-table aquifer, and multi-depth sampling techniques

should be applied. This can be achieved by setting screens at

regular intervals in the well, isolating each interval with inflat-

able packers, and withdrawing samples from each isolated interval.

An alternative is to install two perpendicular lines of well nests

rather thn lines of single wells. It is important to compare

water-quality data for comparable vertical intervals in the wells

due to the possibility of density stratification of waste consti-

tuents. It must be understood that the quality of the water

collected from these wells may be influenced by the surrounding

landfill; however, comparison of the relative concentrations of

waste constituents known to have been placed into the surface

impoundments should be indicative of the extent of migration and

the attenuation and dispersion of the waste constituents.

C. Ground-water flow lines shown on the water-table contour map indi-

cate that Turkey Gut is the downgradient limit of migration of

waste constituents in the water-table aquifer. Water samples should

be collected from Turkey Gut upstream from, adjacent to, and down- .----

stream from the point where ground water flq k;’- ’
ubiec,tP .Revision

face impoundments discharges into the gut. galn, lrKe LT.,..IL 0’ ’,."
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receiving additional contamination from the landfill surrounding

the surface impoundments and the old landfill on the south side of

the gut; however, comparison of concentrations of waste consti-

tuents can provide additional information on the quantity of wastes

reaching Turkey Gut from the impoundments.

Waste constituents can move downward into the artesian aquifer and

contaminate the Air Station’s water-supply source. An assessment

of the likelihood of wastes’ moving downward into the underlying

artesian (supply aquifer) can be made by d6ing the following:

Analysis for waste constituents in water samples from monitor

wells constructed near the impoundments and drilled deep enough

to tap the artesian aquifer would be the most direct way of

detecting movement toward the supply wells. However, the risk

of increasing the potential for contamination of the supply

aquifer is great because such drilling might create pathways

for wastes to travel down into the artesian aquifer. Drilling

such monitoring wells near the impoundment area is not re-

commended at this time, and other approaches should be taken.

2. Another approach to assess the potential for waste constituents

to move into the supply aquifer would be to compare the hydrau-

lic head of the water table in the water-table aquifer to the

head of the potentiometric surface in the supply aquifer. These

head values can be obtained from water-level

water-table observation wells and the su

Subiect to Reviaio 
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llI.

the impoundments. The head values in conjunction with vertical-

conductivity values for the confining beds lylnK between the

two aquifers can be used to calculate the potential rate for

water to move from the water-table aquifer to the artesian

aquifer. Vertical-conductivity values can best be determined

by means of hydraulic tests performed on core samples of

confining-bed material obtained from drilled test holes. Test

holes should be drilled in the general area of impoundments and

supply wells, but not immediately adjacent to either one so as

to not create vertical pathways for contaminant movement as

described in II. D. I.

Determine the concentrations of waste constituents in the ground water.

Chemical analyses of water samples withdrawn from monitoring wells

recommended in section I of this outline Will indicate the concen-

trations of waste constituents in the ground water in the water-

table aquifer immediately upgradient and downgradient from the

surface impoundments. Thus, the change in constituent concentra-

tions as the ground water moves beneath the impoundments can be

calculated.

B. Analyses of samples from the wells recommended in section II. B. of

this outline will also indicate concentrations of waste

constituents in the ground water in the water-table aquifer. These

concentrations can not be attributed ent

impoundments, however.
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Co Raw water samples collected from the supply wells nearest the

impoundments and analyzed for waste constituents will indicate if

waste constituents have moved vertically into the artesian aquifer

and have moved laterally to the supply wells. Supply wells to be

sampled are numbers 4, 8, 10, 13 and 20.
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Construction Specifications

Well nest well number I

DRAFT
RELEASE

.....,., by Drector

Drill 8-inch borehole to 20.5 feet below ld surface. Collect

formation samples every 5 feet during drilling and save samples for

analysis by a qualified geologist or geotechnical engineer.

2. Install a string of threaded, flush joint, 2 inch, schedule 40 PVC well

casing and well screen. The well screen should extend from 7.5 feet

below land surface to the bottom of the borehole. The recommended well-

screen slot size is .010 inch. The top of the PVC casing should extend

12 to 18 inches above land surface. The PVC casing should be vented and

capped.

3. Plaa filter pack of fine- to medium-grained sand* around the casing

and screen, from the bottom of the borehole up to 5.5 feet below land

surface (2 feet above top of screen).

4. Place a 1-foot deep seal of bentonite pellets in the annular space above

the filter pack.

5. Fill the remainder of the annular space with sand-cement grout.

6. Place a 5-foot long, 6-inch diameter, steel protective casing 3 feet

into the grout. The steel protective casing should have a lockable

steel cap and should be vented

Filter pack should be designed such that the following sieves retain the

specified percentage range of the sand:

U.S. Standard sieve size percentage of sand retained

120 90-100

60 80-86

40 32-48

30 7-23

10 0-14

Filter pack design according to the method described in Ground Water and

Well____s, published by Edward E. Johnson, Inc., 1966.
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Constructi_on Specifications

Well nest well number 2

Subiect: to "
DO NOT Q: :’’-

,ui E OR RELEASE
, -q)prc,,s, by Director

LL S. Geo!ogical Sunzey
Dill an 8-inc borehole o ]o5 feet below lan su.race. Collect

formation samples every 5 feet during drilling and save samples for

analysis by a qualified geologist or geotechnical engineer.

2. Install a string of threaded, flush joint, 2 inch, schedule 40 PVC well

casinE and well screen. The well screen should extend from 20.5 feet

below land surface to the bottom of the borehole. The recommended well-

screen slot size is .010 inch. The top of the PVC casinE should extend

12 to 18 inches above land surface. The PVC casing should be vented and

capped.

3. Pla filter pack of fine- to medium-grained sand* around the casinE

and#creen, from the bottom of the borehole up to 18.5 feet below land

surface (2 feet above top of screen).

4. Place a l-foot deep seal of bentonite pellets in the annular space above

the filter pack.

5. Fill the remainder of the annular space with sand-cement grout.

6. Place a 5-foot long, 6-inch diameter, steel protective casin 3 feet

into the grout. The steel protective easin should have a lockable

steel cap and should be vented.

* Filter pack should be designed such that the followinE sieves retain the

specified percentage range of the sand:

U.S. Standard sieve size percentase of sand retained

120 90-100

60 80-86

40 32-48

30 7-23

10 0-14

Filter pack design according to the method described in Ground Water and

Wells, published by Edward E. Johnson, Inc., 1966.
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Construction Specifications

Well nest well number 3

I. Drill an 8-inch borehole to 46.5 feet below land surface. ColIct

formation samples every 5 feet during drilling and save samples for

analysis by a qualified geologist or Eeotechnieal engineer.

2. Install a string of threaded, flush joint, 2 inch, schedule 40 PVC well

easing and well screen. The well screen should extend from 33.5 feet

below land surface to the bottom of the borehole. The recommended

well-screen slot size is .010 inch. The top of the PVC casing should

extend 12 to 18 inches above land surface. The PVC easing should be

vented and capped.

3. bee a ,filter pack of fine- to medium-grained sand* around the casing

from the bottom of the borehole up to 31.5 feet below land

surface (2 feet above top of screen).

4. Place a l-foot deep seal of bentonite pellets in the annular space above

the filter pack.

5. Fill the remainder of the annular space with sand-cement grout.

6. Place a 5-foot long, 6-inch diameter, steel protective casing 3 feet

into the grout. .The steel protective casing should have a lockable

steel cap and should be vented.

* Filter pack should be designed such tbmt the following sieves retain the

specified percentage range of the sand:

U.S. Standard sieve size percentage of sand retained

120 90- I O0

60 80 -86

40 32-48

30 7-23

10 0-14

Filter pack design according to the method described in Ground Water and

Well_____s, published by Edward E. Johnson, Inc., 1966.
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Construction Specifications

Upgradlent monitoring well

to Revision

DO NOT QUOTE OR RELEASE
Pending Approval by Director

U. S, Geo]ogical Survey
I. Drill an 8-inch borehole to 55 feet below land surface. Collect

formation samples every 5 feet during drilling and save samples for

analysis by a qualified geologist or geotechnical engineer.

2. Install a string of threaded, flush joint, 2 inch, schedule 40 PVC well

casing and well screen. The well screen should extend from 10 feet

below land surface to the bottom of the borehole. The recommended

well-screen slot size is .010 inch. The top of the PVC casing should

extend 12 to 18 inches above land surface. The PVC casing should be

vented and capped.

3. Plteck of fine- to medium-grained sand* around the casing

andfree, frolthe bottom of the borehole up to 8 feet below land

"abovesurface (2 feet top of screen).

4. Place a 1-foot deep seal of bentonite pellets in the annular space above

the filter pack.

5.- the remainder of the annular space with sand-cement grout.

6. Place a 5-foot long, 6-inch diameter, steel protective casing 3 feet

into the grout. The steel protective casing should have a lockable

steel cap and should be vented.

Filter pack should be designed such that the following sieves retain the

specified percentage range of the sand:

U.S. Standard sieve size percentage of sand retained

120 90-100

60 80-86

40 32-48
30 7-23

10 0-14

Filter pack design according to the method described in Ground Water and

Wells, published by Edward E. Johnson, Inc., 1966.
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I)liFIN1TION OF TERbk

Altitude. Vertical distance of a point or line above or below the National

Geodetic Vert cal Datm of 1929. The National Geodetic Vertical Datum of

1929 (NGVD of 1929) is a geodetic datum derived from a general adjustmen:

of the first-n-der level nets of both the United States and Canada,

formerly call,d mean sea level. In this report, all altitudes are above

NGVD of 1929.

Aquifer. A formation, group of formations, or part of a formation that con-

rains sufficient saturated permeable material to yield significant quan-

tities of water to wells and springs. It is also called a ground-water

reservoir.

Bedrock. Designates consolidated rocks.

Concentration. The weight of dissolved solids or sediment per unit volume of

water expressed in milligrams per liter (mg/L) or micrograms per liter

C g/L).

Contour. An imaginary line connecting points of equal altitude, whether the

points are on the land surface, on the clay surface, or on a potenti-

ometric or water-table surface.

Divide. A line of separation between drainage systems. A topographic divide

elineates the land from which a stream gather.s its water; a ground-water
divide is a line on a potentiometric or water-table surface on each side

of -ch the potentiometric surface slopes downward away from the line.

Equipotential line. A line in an aquifer on which every point has the same

potentlometri head. As used in this report, equipotential lines define

the water table. The value identifying a given line is the altitude of

all points on that line.

Ground water. Water that is in the saturated zone from which wells, springs,

and ground-water znoff are supplied.

Hydraulic conductivity. The volume of water at the prevailing kinematic

viscosity that will move in unit time under a unit hydraulic gradient

through a unit area measured at right angles to the direction of flow. In

general terms, hydraulic conductivity is the ability of a porous medium to

transmit water.

Hydrograph. A graph showing the variations of stage, flow, velocity, discha.-ge,

or other aspect of water with respect to time.

Permeability, intrinsic. A measure of the relative ease with which a porous

medium can transmit a liquid under a potential gradient. It is a property

of the medium alone, and is independent of the nature of the fluid and f

the force field.

Picocurie (pCi). One trillionth (I x I0-) of the anount of radioactivity

represented by a curie (Ci). A curie is the amount of radioactivity tat

yiel_s 3.7 x i010 radioactive disintegrations per second. A picocurie
yields 2.22 dpm (disintegrations per minute.
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DEFINITION OF TFAo-Continued

Potentiometric surface. In aquifers, the levels to which water will rise iatightly cased wells. bre than one potentiometric surface is required todescribe the distribution of head. The water table is a particular
potentiometric surface.

Recharge. The process by which water is infiltrated and is added to the zoreof saturation. It is also the quantity of water added to the zone ofsaturation.

Runoff. That part of precipitation that appears in streams; the water drair._kngfrom an area. When expressed in inches, it is the depth to which an areawould be covered if all the water draining from it in a given period wereuniformly distributed on its surface.

Specific capacity. The rate of discharge of water from a well divided by thdrawdown of water level within the well.

Specific conductance. A measure of the ability of water to conduct an electriccurrent, expressed in micromhos (mho) per centimeter at 25C. Becausethe specific conductance is related to amount and type of dissolved material,it is used for approximating the dissolved-solids concentration of water.For most natural waters the ratio of dissolved-solids concentration (inmilligrams per liter) to specific conductance (in micromhos) is in therange O.S to 0.8.

Specific yield. The ratio of the volume of water that the rock, after beingsaturated, will yield by gravity, to the volume of rock. It is used forwater table aquifers.

Transmissivity. The rate at which water of the prevailing kinematic viscosity,
is transmitted through a unit width of the aquifer under a unit hydraulicgradient.

Water table. That surface in an unconfined water body at which the pressure isatmospheric. It is defined by levels at which water stands in wells.
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system of units as follows:

Multiply inch-pound unit

inches

feet (ft)

miles (mi)

square miles (mi2)

gallons (gal)

gallons per minute (gal/min)

cubic feet per second (ft3/s)

cubic feet per second per
square mile [(ft3/s)/mi2]

gallons per minute per foot
[(gal/min)/ft]

degrees Fahrenheit (F)

micromhos

CONVERSION FACTORS

The inch-pound units used in this report can be converted to the metric

25.4

0.3048

1.609

2.590

3.785

0.06309

28.32

0.0386

O. 207

(*)

1.000

To obtain metric unit

millimeters

meters (m)

kilometers (km)

square kilometers (km)

liters (L)

liters per second (L/s)

liters per second (L/s)

liters per second per
square kilometer [(L/s)/km

liters per second per meter
[(/s)/m]

degrees Celsius (C)

microsiemens (vs)

* Temperature C (temperature F -32)/1.8.
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GROUND-WATER CONTAMINATION
AT IRTIITH AIR FORCE BASE, MICHIGAN

by

J. R. Sta1’k, T. R. Cummings, and F. R. Twenter

ABSTRACT

A sand and gravel aquifer of glacial origin underlies Wurtsmith Air Force

Base in northeastern lower Michigan. The aquifer overlies a thick clay layer

at an average depth of 65 feet. The water table is about I0 feet below land

surface in the westenl part of the Base and about 25 feet below land surface in

the eastern part. A ground-water divide cuts diagonally across the Base from

northwest to southeast. South of the divide, ground water flows to the Au

Sable River; north of the divide, it flows to Van Etten Creek and Van Etten

Lake. Mathematical models were used to aid in calculating rates of ground-

water flow. Ptes range from about 0.8 feet per day in the eastern part of the

Base to about 0. feet per day in the western part. Models also were used as

an aid in making decisions regarding purging of contaminated water from the

aquifer.

In 1977, trichloroethylene was detected in the Air Force Base water-supply

system. It had leaked from a buried storage tank near Building 43 in the

southeastern part of the Base and moved northeastward under the influence of

the natural ground-water gradient and the pumping of Base water-supply wells.

In the most highly contaminated part of the plume, concentrations are greater

than 1,000 micrograms per liter. Current purge pumping is removing some of the

trichloroethylene, and seems to have arrested its eastward movement. Pumping

of additional purge wells could increase the rate of removal.

Trichloroethylene has also been detected in ground water in the vicinity

of the Base alert apron, where a plume from an unknown source extends north-

eastward off Base. A smaller, less well-defined area of contamination also

occurs just north of the larger plume. Trichloroethylene, identified near the

waste-treatment plant, seepage lagoons, and the northern landfill area, is

related to activities and operations in these areas. Dichloroethylene and

trichloroethylene occur in significant quantities westward of Building 43,

upgradient from the major spill site. Benzene, indicative of ground-water

contamination by a fuel substance, occurs in an area northeast of the bulk-fuel

storage area. Analysis of a variety of chemical, physical, and biologic

characteristics of water on the Base indicate that there is a measurable affect

on ground-water quality from landfills, the seepage lagoon, and the waste-

treatment plant.
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INTRODUCTION

The U.S. Geological Survey, at the request of the U.S. Air Force, begn an/
investigation of geologic ,nd hydrologic conditions at Wurtsmith Air Force ase+/-’

in September 197:. ’Dm investigation was prompted by the discovery that az.
underground storage tank containing trichloroethylene (TCE) had leaked, cor.-
taminating Base water-supply wells. Subsequent information suggested that the
trichloroethyleno had moved off-Base. A proposed plan of investigation by the
Geological Survey was incorporated in a Statement of Work prepared by the Iir
Force. The major elements of the investigation were to include: (1) a det_r
ruination of the rate and direction of ground-water movement, (2) a determiration
of the horizontal and vertical extent of trichloroethylene contamination, (3)
an investigation of all suspected sources of gromd-water contamination, ircluding
past and present landfill areas, (4) the development of a mathematical ground-
water-flow model, and (5) a determination, for areas of contamination, of
hydrologically suitable sites for installing purge wells, and a prediction of
the quantities of water that could be withdrawn.

During the investigation, expansion of its scope was required. Trichro-
ethylene in grom|d water, once thought to be only the result of storage taz.k
leakage, was found at some places on the Base to be tmrelated to the initially
identified spill site. Dichloroethylene was also detected. Contamination f
grotmd water by a fuel substance, indicated by high concentrations of benzene,
was found. Other organic compounds were detected at scattered locations.

Description of Area

Wurtsmith Air Force Base is in Iosco County in northeastern Lower Mictgan
(fig. 1). bout 7,700 people live or work on the Base.

The Base is a 7-square-mile area adjacent to the community of Oscoda m
the west shore of Lake Huron. The land surface is a 5-mile wide plain bouAed
on the west by 80-foot-high bluffs (fig. 2). Several small streams flow from
the bluffs and discharge into a swampy area west of the Base.

The Au Sable River, which flows eas,’ard and discharges into Lake Huron,
is half a mile south of the Base. The land between the Base and the river is
swampy. From the bluffs and extending 20 miles upstream, flow in the Au Sable
River is controlled by a series of dams. Van Etten Lake, northeast of the
Base, is 4 miles long and half a mile wide. The altitude of the land surfa:e
rmges fro 580 to 750 feet (fig. 2).

Mean monthly temperatures range from 21F in January to 68F in July.
lowest recorded temperature is -22F, the highest 102F. Average annual
precipitation is 30 inches; average snowfall is 44 inches.

The

1/Referred to as the "Base" in this report.
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Nature and Scope of the Problem

Detection of Trichloroethylene in Water

In October 1977, cemplaints about a peculiar odor and taste of drinking

water were received by the Civii Engineering Squadron, which oversees produc-

tion and distribution of water on the Base. Analysis of water from a faucet in

a Base-housing uit showed that it contained 1,100 g/L (micrograms per liter)

o trichloroethylene. Also, water from well AF3, a water-supply well in the

eastern part of the Bas*, was found to contain about 6,700 g/L of trichloro-

ethylene.

The suspected source of contamination was near Building 43 (pl. i), the

jet engine repair shop, where a 500-gallon buried tank was used to store

trichloroethylene temporarily after it had been used to degrease jet engine

parts. Excavation of the tank indicated that the connection between the filler

pipe and the tank had leaked, which seemed to confirm that the tank was the

source of trichloroethylene in ground water.

Further investigations of Base water supplies by the Air Force indicated

that water from well AFI5, supplying the procurement office (Building 4004) in

the southeastern part of the Base, also contained trichloroethylene. Trichloro-

ethylene was also detected in other Base supply and observation wells at various

locations. Analyses of water from private wells in the vicinity showed that

water from all but one well was free of trichloroethylene. Water from the

contaminated well, about 1,000 feet east of the Base near Pierce’s Point on Van

Etten Lake, contained enough trichloroethylene to make it unsuitable as a

domestic supply.

Kffect of Contamination on Water-Supply System

The primary water supply for Wurtsmith Air Force Base has been from wells

AFI, AF2, AF3, AF4, and AF5, in the eastern part of the Base, and from AFI8 and

AFI9, in the southern part (pl. I). Individual wells at other locations

supply water for a housing unit and several other buildings. All supply wells

are less than 60 feet deep and tap a shallow sand and gravel aquifer.

Before 1977, the primary water supply was obtained from wells in the

eastern part of the Base. After discovery of trichloroethylene in water from

these wells in November 1977, their use was discontinued, and most water

requirements were met by wells in the southern part of the Base. In January

1978, after it had been confirmed that only trace amounts of trichloroethylene

occurred in water from wells AF4 and AF5, these two wells were again used. In

brch 1978, trichloroethylene was detected in water from well AFI8, and its use

was discontinued. Use of well AFI9 was also discontinued when trichloroethylene

was detected in ugust 1978. The present Base supply is from wells AF2, AF4,

and AFS, although the current absence of trichloroethylene in water from wells

AFI8 and AFI9 again permits their use if" needed. Individual wells at other

locations, with the exception of the contaminated well AFI5, are still used and

yield water that contains little or no trichloroethylene.





Initial Purging of Aquifer

In hrch 1978, the Air Force began efforts to purge trichloroethylcne from

the aquifer by pmling wells AFI and AF3. An average of 280 gal/min from ".he

two wells was p,,ped to an aeration reservoir just north of well AF3. Air ’,’as

forced into the Irichloroethylcne-laden water in the reservoirs by large a-r
blowers. In May 1978, three new purge wells, AFSS, AFS6, and 57 were dr-lled

near Building 4 (pl. 1) and included in the purge system. Three additionl

purge wells, AF.8, Asg, and AF60, were installed near Building 43 in August
1979. Water from these six wells was pumped at an average rate totaling ]_’S

gal/min to a newly constructed aeration reservoir close by. Water from bo-h

aeration reservoirs was then piped to the waste-treatment plant in the sou’h-

east part of the Base and subsequently to seepage lagoons in the southwest

part. In the fall of 1979, carbon filtration was added to the system to rmove

trichloroethylenc remaining after aeration.

METHODS OF DATA COLLECTION AND ANALYSIS

The U.S. Geological Survey began collecting data in late 1979 by installa-

tion of wells in areas of known contamination. Well installation continue

throughout the study as information accumulated. Two-hundred-seventeen wells

were installed on the Base and in the surrounding area (pl. 1 and fig. 3). One-

hundred sixty-eight of the wells have 4-inch diameters and were used for p.ping

tests, water-level measurements, and collection of water samples for analysis.

Forty-nine wells of 11/4-inch diameters were used exclusively for water-level

measurements. Data for wells are shown in table 4. At 48 sites, both dee and

shallow wellsl_/ were installed to detect vertical stratification of trichro-

ethylene. Most deep wells were finished by setting well screens just abo the

top of the clay unit. In shallow wells, screens were generally set I0 to 20

feet below the water table. During drilling, a log was kept, and samples of

materials were collected. During 1980, water levels were measured, on a .nthly

or continuous basis, in 165 of the wells installed by the Geological Survey.

From January to April 1981, levels continued to be measured in many of these

wells and in 52 newly installed wells. Levels were measured monthly in 20 to

30 additional Air Force wells during 1980-81. Wells G4S, G9S, GI6S, and G22M

(pl. I) were equipped with continuous recorders. A staff gage, to measure

fluctuations in the level of Van Etten Lake, was installed at its mouth.

Samples of water for analysis of trichloroethylene and other hydrocarbons
were collected from December 1979 to March 1981. Water from 197 wells was

analyzed on one or more occasions. Water from Dry Creek, Van Etten Lake, and

the carbo filtration system effluent was also analyzed.

I/ Deep and shallow wells are designated in the report by "D" or "S"

folloing the well number. At a few locations, wells of intermediate depth

were also installed. These are designated by ’f’ following the well mmer.
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Submersible panps and R-3400 Tygon tubing from Norton Company1/ were-ed
to collect samples. %hen appropriate, the order in which wells were samp]td
was chosen so that teams of splers moved from wells o lower trichloroet:ylene

concentration to those Jown or suspected o having a higher concentration.

Before inserting the pp and tubing in a well, both were cleaned with methyl

alcohol. All wells were pumped for 15 minutes before sampling. At least two

samples were collected from each well in order that duplicate analyses could be
made if needed. In areas of significant trichloroethylene contamination, ater

pumped from a well was discharged into a tanker, for subsequent disposal an

aeration reservoir. Immediately after collection, samples were chilled

prepared for shipment to the laboratory. Analyses were made by the U.S.
Geological Survey.with a gas chromotograph mass spectrometer system. A
selective ion-monitoring (SIM) technique was added when necessary.

Data obtained by the Geological Survey confirmed trichloroethylene le,-els

found in preceding work by the U.S. Air Force, the State of Michigan, and _he

U.S. Environmental Protection Agency. Duplicate samples, collected by the
Survey and analyzed by both Air Force and Survey laboratories for verifica:ion,
gave results within the expected analytical error.

Data collected in this study as well as information from other sources

were evaluated to determine the geologic and hydrologic conditions at the ase,
and to define the location, concentration, and movement of trichloroethylene
and other contaminants. Hydraulic models of the ground-water system were

developed to better understand flow conditions. One model, referred to as the

"Base model," simulates general ground-water flow on the Base. Two detail_d

models, termed the "Building 43 plume model" and the "Alert Apron plume moel,"
were dveloped to simulate ground-water flow in those areas. The models ere
calibrated by duplicating conditions measured in the field. After calibrazion,
they were used to simulate hydrologic responses to past water-supply and parge
pumping and to simulate future responses to a variety of pumping conditio,
including increased purge pumping. A description of the development and
calibration of these models is given in the Appendix.

Only summaries of some of the geologic and hydrologic data collected by
the Geological Survey are included in this report. Individual logs of most

wells and records of water-level measurements are not included. Tabulations of
all water-quality data, however, are given in the Appendix. Data obtained by
the U.S. Air Force, such as analyses of water for trichloroethylene, have been
cited as to source when used in evaluations and interpretations, but their bulk

precludes inclusion in this report.

GEOLOGY

lrtsmith Air Force Base is underlain by glacial deposits, consisting
primarily of sand and clay, that are as thick as 225 feet. Underlying the

glacial deposits are bedrock formations of sandstone, shale, and limestone.

I/The use of brand names in this report is for identification purposes
onlynd does not imply endorsement by the U.S. Geological Survey.





Data indicate that water in the bedrock is salty. However, because a thick

clay unit separates bedrock from the principal aquifer, water in bedrock

probably has no effect on the quality of water in the glacial deposits. Thus,

bedrock formations were not studied in detail.

Glacial Deposits

Glacial materials were deposited about 13,000 years ago, when ancestral

Lake Huron was at a higher level. At that time, materials from receding glaciers

were transported by meltwater in an ancestral An Sable River (Burgis, 1977).

Coarse materials were deposited at the river’s mouth. Fine materials were

carried farther into the lake. Bluffs near the west edge of Wurtsmith Air

Force Base were formed by erosion when the lake was at a lower level. Glacial

deposits consist of two distinct units--clay and overlying sand and gravel.

Clay Unit

The clay unit is mostly brown to gray, relatively impermeable, and cohesive.

Its thickness at the Base is not accurately known because it has never been

fully penetrated by wells, but it is at least 13 feet thick at well R6D. At

Oscoda and at places east and north of Van Etten Lake the clay unit is at

least 125 feet thick and may be as thick as 250 feet. Clay of such thickness

is an effective barrier to the vertical movement of water between overlying and

underlying aquifers.

Wells installed in. the northern part of the Base penetrated thin (2 to 5

feet) beds of clay at depths ranging from 5 to 15 feet. Northeast of Van Etten

Lake, beds of clay 5 to 20 feet thick lie at altitudes correlative with those

of the shallow clay on Base; this may indicate that the sand and gravel unit

interfingers northeastward with the clay unit.

The altitude of the top of the clay unit is high west of the Base (fig.

4). It slopes do,onward to the east at I0 to 30 feet per mile (fig. 5). In

general, the surface of the unit dips inward to low points in the northeast

part of the Base and in an area just northeast of Van Etten Lake (fig. 4). The

unit is only I0 to 15 feet below land surface along the foot of the bluffs.

Water moves along the top of this impervious layer and causes perennial flow in

Coppler Creek and other nearby streams. Similarly, flow of Dry Creek may be

the result of water moving from the swampy area along the top of a shallow clay

lens.

Sand and Gravel Unit

The sand and gravel unit ranges in thickness from 80 feet in the northern

part of the Base to 30 feet at the west edge; the average thickness is 65 feet.

It is a brown to gray-brown medium to coarse sand containing some gravel. Beds

of gravel and coarse sand are more frequent in the western part of the Base.

The following lithologic data are representative of this unit.
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Well RSD
(South of Building 45)

Depth to bottom.
below land surface

(feet)

Sand and gravel ,nit

Sand. medit.., to coarse, mostly quartz
Sand. silty, fine to medium..............................
Sand. medim to coarse, well sorted, rounded
Sand. medim to very coarse, some gravel
Sand and gravel, coarse to very coarse
Sand. fine to medit, mostly quartz, well sorted

Clay unit
Sand. some clay..........................................
Clay. sandy..............................................

Well R36D
(East of alert apron)

i0
20
40

60

62
64

Depth to bottom,
below land surface

(feet)

Sand and gravel unit
Sand, very fine to fine, mostly quartz, some clay 5

Sand and clay, very fine to fine......................... 10

Sand, fine to medium, some clay 15

Sand, medium to very coarse, a few pebbles to N-inch 20

Sand, coarse to very coarse, a few pebbles to 1/2-inch 35

Sand, medium to very coarse, mostly quartz 40

Sand, medium to coarse................................... 45

Sand, medium to very coarse, mostly quartz, a few

pebbles to 1/4-inch...................................... 54

One-hundred seventy-seven lithologic sa.ples of the sand and gravel unit

from 19 wells were analyzed to determine gram-size distribution. About 80

percent had average grain sizes in the medium sand range (0.25-0.5 ram). Average

grain sizes generally increase and are more variable to the west. Most material

is moderately well sorted; the better sorted material occurs near the surface

and in the eastern part of the Base.

Flow in the sand and gravel aquifer/ is generally eastward (fig. 6).

Under hydrologic conditions during the study, a ground-water divide cut diagonally

across the Base from northwest to southeast. South of the divide, ground water

1/ Saturated part of sand and gravel unit of glacial deposits.
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flows toward the Au Sable River. North of it, water flows toward Van Etten

Creek and Van Etten Lake. firotmd-water flow at a given location is generally

normal to the equipotential lines that define the water table. The general

shape of the water table in areas not influenced by pumping did not change

significantly during the study. At times when gromd-water flow from the a:ea

of recharge to the west of the Base exceeded recharge from rainfall on the

Base, the water table rose slightly along the west margin of the Base. In

areas influenced by pumping, water levels were lowered and the direction of

ground-water flow altered as water was drawn toward wells.

Water Table

The altitude and configuration of the water table in the sand and grml

quifer is an important factor in determining ground-water flow and, thus,

indirectly, in determining the movement of trichloroethylene and other con-

taminants. Changes in the water table, indicated by changes in water levels in

wells, reflect clanges in ground-water storage, which is controlled by precipita-

tion; ground-water withdrawals; and the levels of nearby lakes, streams, ard

swamps.

Water levels in wells away from pumping centers and in wells near Van

Etten Lake are typical of those of shallow unconfined aquifers composed of

coarse-grained materials, lqater levels are low in late fall or winter. Hcw-

ever, they respond quickly to recharge, and, by late spring, after recharge has

been increased by snow,heir, levels are high. Hydrographs of wells R9D and G22D

(fig. 7) are typical. Water-level changes in these wells were less than 2 feet

from Januar 1980 to tpril 1981.

Water levels in wells near Van Etten Lake vary with changes in levels of

the lake. The hydrograph for well Y12S (fig. 8) on the southeast side of’abe

lake is typical of those for wells near the lake. Water levels in this well

changed2.5 feet during the period of record. Lowest levels occurred inhrch

and Apriland highest inlay and June. These changes are related to similar

changes in Van Etten Lake. A rapid rise or fall in the lake level, however,

may notbe immediately reflected in levels in nearby wells. Away from the

shore ofthe lake, water-level changes in wells are smaller than near the

shore, llaximtn and minimum levels of the lake are legally controlled beFeen

the altitudes of 589.2 and 585.1 feet. Changes in lake levels do not significantly

alter the direction of ground-water flow.

l’ater levels in wells in the vicinity of pumping wells are influenced by

natural hydrologic changes and by pumping. As in other wells, levels are low

in winter and high in late spring. However, because of variations in pumpkng

patterns, fluctuations of water levels are much more frequent than fluctuazions

of water levels ithout pumping. The hydrograph for well Y19D (fig. 9) sgzws

changes in levels over a 32-day period that are typical of wells in areas of

pumping.

Hydrologic Properties of Aquifer

Hydraulic Conductivity, Transmissivity, and Specific Yield

Initial estimates of hydraulic conductivity, transmissivity, and specific

yield of the sand and gravel aquifer were based on aquifer test data in Air
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Force files and on :m aquifer test and short-term, specific-capacity tests by

the Geological Sirvey. Air Force test data indicate that tr:msmissivity of the

sa1d and gravel quifer is about 5,000 ft’/daY. During the quifer test b" the

Geological Surve)’, well AFS7 was ptuped for 48 hours at 34 gal/min. Eight

observation wells were used to observe drawdown and recovery. Results of the

test indicate that trmsmissivity of the aquifer ranges from 5,000 to 20,00

ft,/day, dependig on the location of the observation well, and that hydraulic

conductivity rmges from 75 to 310 ft/day. Specific yield is about 0.2.

Specific-c:pacity tests at 37 sites were also used to estimate hydraulic

conductivity. .ach test consisted of ptuping i0 to 15 gal/min from a well for

about an hour. Data obtained from these tests were used to estimate hydraulic

conductivity of that part of the aquifer surrounding the screen (Theis and

others, 1965). Assuming that the wells were perfectly efficient, hydraulic

conductivity ravaged from 16 to 317 ft/day; the average was 140 ft/day. Gener-

all hydraulic conductivity increased from east to west. Also, hydraulic

conlctivity estimated from pumping tests of shallow wells tended to be greater

than that estinmted from pumping deep wells. A specific yield of 0.2 was used

in all calculations.

del simulations were used to refine estimates of hydraulic conductivity

of the sand and gravel aquifer. Model results most accurately matched water-

level data from wells when values of hydraulic conductivity assigned to t,e

model were I00 ft/day in the eastern part of the Base and 150 ft/day in t,e

west. These values are consistent with published values of hydraulic con’.cnc-

tivity for sand and gravel (U.S. Bureau of Reclamation, 1977), with values for

similar materials in other areas in Michigan (McDonald, 1980), and with Lhe

average value from specific-capacity tests at the Base.

Horizontal Hydraulic Gradients and Ground-Water Flow

Altitudes of ground-water levels range from 580 feet near Lake Huron to

more t 730 feet in the highlands west of the Base (fig. 6). The water level

fluctuates from I to 5 feet annually, depending on location and precipitation.

The gradient of the water table ranges from less than I0 to about 25 feet per

mile. In the bluff area west of the Base, gradients are as high as 50 feet per

mile.

Grod-water flow is generally in three principal directions to: (I) Van

Etten Lake, (2) the Au Sable River, and (3) Lake Huron. Eventually, all water

from the Base reaches Lake Huron. The ground-water divide just east of Van

Etten Lake (fig. 6) indicates, however, that ground water does not flow directly

to Lake Buron.

Flo from the highlands west of the bluffs recharges the sand and gravel

aquifer at the west edge of the Base and helps to maintain high ground-water.

levels in the swampy area at the foot of the bluff. It is also responsible for

flow in several streams originating in the area.

Rates of horizontal ground-water flow (without consideration of porosity)

are proportional to the hydraulic conductivity of the aquifer and the gradient

of the ater table. Model simulations showed that an inverse linear relationship

bet,’ee hydraulic conductivity and recharge would match field data better. For

the sialations, values of grotmd-water recharge were varied from 8 to 18 inches

18





per year. Using a hydraulic conductivity of i00 ft/clay, which was determined

to be reasonable for the eastei part of the Base, field data in parts of the

Base influenced by ground-water withdrawal could be matched only by using a

recharge rate of 15 inches per year. This rate is considered to be the best

estimate possible. Model results, based on this value and on hydraulic con-

ductivities determinod previously, show that the rate of ground-water flow

ranges from about 0.8 ft/day in the east part of the Base to about 0.3 ft/day

in the west. Rates of flow within a few hundred feet of points of discharge,

or pumping wells, are slightly higher.

Model simulatioIs were used to estimate the range of flow that might

result by varying values of recharge and hydraulic conductivity. Values of

recharge were varied over a range of from 8 to 18 inches per year. Corres-

sponding changes in hydraulic conductivity were made at each recharge rate in

order to match field and model water-level values. Based on these simula-

tions, flow rates as low as 0.1 ft/day and as high as i. 0 ft/day might be

possible.

The effect of pumping on the direction and movement of ground-water flow

is shown in figure I0. The effect of pumping water-supply and purge wells in

the eastern part of the Base is to divert flow toward the wells and to cause

drawdown in the east-central part of the Base.

Vertical Hydraulic Gradient

Characteristics of the vertical component of flow in the sand and gravel

aquifer were evaluated by use of paired observation wells. These wells con-

sisted of a shallow well having a screen set i0 to 20 feet below the water

table and a deep well having a screen set near the base of the aquifer. The

vertical distance separating screens in individual pairs of wells ranged from

I0 to 35 feet.

Differences in the altitude of the potentiometric surface in individual

pairs of wells ranged from zero to as much as 0.33 foot in wells R2S and R2D.

In most pairs of wells, the difference was less than 0.05 foot. Areas of

highest vertical gradients are near pumping centers and surface-water bodies.

The vertical component of flow is generally downward. However, pairs of wells

within a few hundred feet of Van Etten Lake have upward vertical components.

This is consistent with the conceptual view of ground-water movement in a flow

system consisting of recharge and discharge areas (Freeze and Cherry, 1979).

CONTAMINATION OF GROUND WATER

The initial phase of this study dealt with the distribution and concen-

tration of trichloroethylene in ground water arising from the spill at Building

43 in the eastern part of the Base. Although trichloroethylene has proven to

be the principal organic contaminant, significant concentrations of dichloro-

ethylene and benzene also have been detected on the Base. Other organic sub-

stances detected in water by the Geological Survey include toluene, tetra-

chloroethylene, and tetrachloroethane. Table 1 lists the results of laboratory

analyses of organic compounds in ground water sampled by the Geological Survey.

To evaluate general water-quality conditions, particularly with respect to
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landfills as a source of cotaminants, analyses were also made for trace

metals, nutrients, radiochemicals, chemical oxygen demand, biochemical oxygen

dend, fecal colifor, and streptococci, and oil and grease. These analyses

are given in table 2.

Natul-e and Significance of Trichloroethylene,
Dichloroethy’lene, and Benzene

1,1,2 -Trichloroethylene

l,l,2-Trichloroethylene is a clear, colorless liquid having a boiling

point of 86.7C, a vapor pressure of 57.1 mm Hg at 20oc, a specific gravity of

1.465, and a solubility of 1,070 mg/L at 20C (Kirk and Othmer, 1978). It has a

molecular weight of 131.39 and empirically may be written CHCI 3.
Its

C1 ICI
structural formula is IC C , which is frequently indicated by writing

CI H
CHCI=CCI=. It is composed of 18.28 percent carbon, 0.77 percent hydrogen, and

80.95 percent chlorine by weight.

Concern over trichloroethylene in the envirornent is related primarily to

as yet uncertain carcinogenic risks to human beings. According to the U.S.

Environmental Protection Agency (1978a), the octanol/water partition coefficient

(2.29) of trichloroethylene indicates it may bioaccumulate. However, Pearson

and McConnell C1975) did not find significant bioaccumulation in marine food

chains. Investigations by McConell and others (1975) and Correia and others

(1977), as well as analyses by the U.S. Environmental Protection Agenc (1978a),
suggest that trichloroethylene is present in trace amounts in food, water, and

air in Europe and the United States. A drinking-water standard for trichloro-

ethylene has not been set by the Environmental Protection Agency, but a Notice

of Proposed le Making is in preparation (C. Vogt, oral communication, 1981).

A recent review of toxicological data and a risk analy.sis by the National

Academy of Sciences (1980) suggests a provisional maximum concentration of270

g/L in drinking water at U.S. Air Force bases.

Trichloroethylene is used principally as a degreasing solvent in metal

industries, and has been used in drycleaning, as an extractive solvent for

foods, and as an anesthetic. It is incorporated in several household cleaning

agents. Most trichloroethylene is manufactured from l,l,2,2-tetrachloroethane
using ethlyene or acetylene as a base, and, in the 1960’s, commercial tri-

chloroethylene contained a substantial amount of l,l,2,2-tetrachloroethane
[Waters and others, 1976).

Trichloroethylene has been reported to resist hydrolosis at 100C (Dilling

and others, 1975), but it is known to break down in the presence of oxygen and

light (Aviado and others, 1976; Dilling and others, 1975; and McConnell and

others, 1975). Biochemical degradation is unknown by aerobic micro-organisms,

but anaerobic degradation has been cited (Bouwer and others, 1981). hmmalian

metabolism yields trichloroacetic acid, trichloroethanol, and trichloroethanol
glucuronids (Waters and others, 1976). McConnell and others (1975) conducted

experiments with sealed quartz flasks containing chlorine-substituted ethylenes

exposed out-of-doors. Results indicated that these compounds have a mean half-

life of 6 to 12 weeks. Breakdown products, detemined after exposure of flasks

to a xenon arc filtered so as to approximate tropospheric conditions, were

primarily carbon monoxide (CO), carbon dioxide (CO), water, and hydrogen
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ometh lene, however, yielded relatively stable chlero-

chloride (HC1). Trlchl . Y l;a ichloroacetyl chloride.
organic intermedlates, dchioroacetyl chvA d tr

(COCla also occurred, hich rapidly hydrolyzed to 03

Minor amounts of phosgcne chlor)ides react with ater to form dichloroacetate
and HC1. The chloroacetyl

and trichloroacetate anions, which have long chemical half-lives at normal

environmental temperatures. In seawater and possibly otMr watey, .the.se
compounds undergo microbial oxidation fairly rapidly to simple chemcai species

commonly presenl in the environment. Correia and others (1977) state, ho’ever,

that once in the aqueous phase hydrolysis to dichloroacetic and trichloroazetic

ions or to carbon dioxide is practically immediate. The dichloroatetate mad

trichloroacetat, ions are then degraded to carbon dioxide and chloride ions by

biological procsses in a few weeks. Pearson and McConnell (1975) estimated

the chemical half-life of trichloroethylene in water to be 2.5 years. After

studying the decomposition of trichloroethylene in aerated water in the dark

and in sunlight, Dilling and others (1975) concluded that the half-life of

trichloroethylene was 10.7 months in the absence of light. They also concluded

that dichloroacetic acid and hydrogen chloride were the likely products from

the decomposition o trichloroethylene and, further, that addition of clay,

limestone, sand, salt, peat moss, and kerosene had little effect on the

disappearance of trichloroethylene from solution.

To verify the resistance of trichloroethylene to decomposition, the

Geological Survey prepared solutions of trichloroethylene (about 4,000 g./L)

and added these solutions to peat moss, potting soiI, and clean sand purc2.ased

at a garden supply store. Core materials from two uncontaminated wells at

lqurtsmith Air Force Base were also obtained. One core sample contained sand

and clay, the other sand only. Mixtures, about a third trichloroethylene

solution and to-thirds solid material by volue, were placed in 1 liter

bottles, aerated, and_, tightly sealed. Duplicate sets were prepared; one set

was placed in the dar and the other in indirect sunlight. After about 5

weeks, these samples were analyzed for trichloroethylene and chlorinated

hydrocarbon decomposition products. Only trichloroethylene was detected in the

samples.

1,2-Dichloroethylene

1,Z-Dichloroethylene is a mLxture of the trans and cis isomers. Analyses

of grout water at lhartsmith Air Force Base hav--entifae- only the trans

for. ^ccording to Kirk and Othmer (1978), trans 1,2-dichloroethylene-- a

solubility of 6,500 mg/L at 25C, a vapor pre-ge of 265 Hg at 20e, a

boiling point of 47.7C, and a specific gravity of 1.263. Corresponding

values for the cis isomer are: solubility, 3,500 mg/L; vapor pressure, 180 na

Hg at -0C, and-liling point, 60,2C. Its molecular weight is 96.95. .,-he

U.S. Environmental Protection Agency (1978b) states that 1,2-dichloroeth::lene

has an octanol/water partition coefficient of 5.37, which suggests that it

should not bioaccumulate. No drinking water standards have been developed..

1,7-Dichloroethylene is used primarily as a solvent, to retard ferr_enta-

tion, as a refrigerant, as an additive to dye and lacquer, in organic s)athesis,

and as a constituent in various chemical compounds. Dichloroethylene is also

used as an intermediate in preparing methylchloroform (1,1,1-trichlort-ane)
and producing polywinylidene chloride copolymers. 1,1-dichloroethylene polymers

are also used as interior coatings for ship tanks, railroad cars, fuel storage

tanks, and for coating of steel pipes and structures.
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McConnell and othe!-s (1975) concluded that one of the sources of dichloro-

ethylene in the environtuent is from decomposition of 1,1,1-trichloroethane,
which gives 1,1-dichlor,ethylene (vinylidene chloride). They also state that

1,1,1-trichloroethane i easily dechlorinated, but the rate is pH dependent. In

seawater, 1,1,1-trichloi"oethane has a chemical half-life of 9 months; a minor

amount of acetic acid i formed as a result of hydrolysis during decomposition.

Degradation is rapid, however, in the presence of metallic iron.

Trichloroethane is known to have been used at Wurtsmith Air Force Base;

however, records do not provide information regarding use of dichloroethylene.

If 1,1,2-trichloroethane was used and entered the ground water system, and if

decomposition analogous to that suggested by cConnell and others (1975) occurs,

1,2-dichloroethylene could be a deconposition product. Kirk and Othmer (1978)

state that 1,2-dichloroethylene hydrolyzes slowly in the presence of water,

producing hydrochloric acid.

To investigate the likelihood that decomposition of trichloroethane could

account for dichloroethylene in ground water at Wurtsmith Air Force Base,

approximately 1 cubic foot of core material, primarily sand, was collected from

well P,27D. Water from this well had shocn only traces of trichloroethylene and

dichloroethylene. Several liters of native ground water, which had passed

through the carbon filtration system, were also collected and used to prepare

solutions of 1,1,2-trichloroethane and 1,1,1- trichloroethane at a concentration

of about 400 vg/L. Native water and core material were then used to prepare

mixtures that were a third trichloroethane solution and two-thirds solid material

by volume. Liter bottles containing these mixtures, as well as liter bottles

containing only mixtures of native water and trichloroethane, were aerated and

tightly sealed. Duplicate sets were prepared; one set was placed in the dark

and the other in indirect sunlight. After about 10 weeks, the samples were

analyzed for trichloroethane and chlorinated hydrocarbon decomposition products.

Only trichloroethane was detected in the samples. Core material, however, did

remove some of the trichloroethane from solution.

Benzene

Benzene is a clear, colorless liquid having a boiling point of 80.IC, a

vapor pressure o 76 mm Hg at 20C, a specific gravity of 0.8786, and a solu-

bility of 1,780 mg/L at 20C (Verschueren, 1977}. It has a molecular weight of

78.11 and empirically may be written C6H6. Benzene is used as an intermediate

in synthesizing numerous organic chemicals and as a solvent and degreasing agent.

It is a component of paints, lacquers, gasoline, and aviation fuels. A drinking-

water standard has not been established for benzene, but the U.S. Environmental

Protection Agency (1980} has estimated a 7-day SNARL (suggested no adverse

response level} of 550 ug/L. No review of literature regarding benzene has

been made for this study because, as a ground-water contaminant at Wurtsmith

Air Force Base, it is probably only indicative of a fuel substance containing

benzene.

Ori$in and Distribution of Trichloroethylene

Building 43 Plmae

In 1962, a 500-gallon storage tank for waste trichloroethylene was in-

stalled underground just north of Building 43. Its contents were pnped out

for disposal elsewhere when the tank became filled. From the time of
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installation ultil the t;mk was removed in 1977, Base officials estimate that

about S,000 gallons of trichloroethylene may have been added to the tank. It

is not known when the t.nk first leaked, or how much was periodically rcv.oved

from the tank, and lhus no estimate can be made of the amotmt of trichlo:o-

ethylene that entered the ground-water system. en removed from the gr:,and,

the tank appe;red to have leaked near the filler pipe, suggesting that t_-i-

chloroethylene may have escaped only during times when it was filled nea_-

capacity, or when trichloroethylene was added to or pumped from the tank.

Thus, leakage to the ground-water system would not have been continuous. If

substantial quantities leaked at any one time, trichloroethylene would kve

tended to move downward in the aquifer because it is denser than water. In

the process, however, substantial amounts of trichloroethylene would ha’- been

taken into solution, to disperse and move with ground-water flow. Repeated

discharges of trichloroethylene from the tank and localized variations n the

permeability of aquifer material would have given rise to what is probak.ly the

situation in the major area of contamination at present; that is, trichro-

ethylene is not thoroughly mixed in the vertical, lateral, or horizontal

dimensions of the plume. Although trends in concentration are evident hn

current purge wells, many "sub" plumes may exist which would account fo the

highly variable concentrations that are detected. Further, small and d_screte

areas containing water of high trichloroethylene concentration may lie at or

near the clay surface at unidentified locations or at intermediate deptY

between the water surface and the clay layer.

Figure II shows the general distribution of trichloroethylene resu’._ting

from tank leakage at Building 43. The natural ground-water gradient an the

pumping of water-supply wells AFI, AF2, and AF3 caused trichloroethylen’ to be

dran northeastward, roughly parallel to Arrow Street. A model simulation

indicates that if wells AFI, AF2, AF3, AF4, and AFS (pl. I) were not pumped,

ground water in the vicinity of Building 43 would move east toward the Lnter-

section of Skeel Avenue and Forest Street and not deviate northeastward.

After discovery of trichloroethylene in wells AFI and AF3 in late 1977,

pumping was terminated from these wells and also from wells AF2, AF4, nd AFS.

Wells AFI8 and AFI9 (on Perimeter Road, in the southern part of the Base)

supplied water needs for a time (pl. I). When trichloroethylene was detected

in/h18 and AFI9, major withdrawals were again made from wells AF2, AF4, and

AFS. It is likely that these changes in pumping account, in part, for the

dispersion of trichloroethylene in the northeastern portion of the pltw-e.

generalized cross section of the vertical distribution of trichloro-

ethylene along a line beteen wells R5 and RI8 near Michigan Avenue is shown in

figure 12. The cross section indicates that the density of trichloroezhylene

is not a controlling factor in its distribution within the most highly con-

centrated part of the plume, although density may be a significant fac:or in

localized variations.

Figure 13 shows the Building 43 spill area and the locations of Ft and

present monitoring and purge wells. U.S. Air Force data indicate that in

Febnmry 1978 well AFS0, which is about i00 feet east of the storage tank,

yielded water having the highest concentration of trichloroethylene (-’,800

vg/L) detected on the Base (fig. 14). By October 1978, when sampling of AFS0

was terminated, the concentration of trichloroethylene had decreased to less

than 1,000 vg/L. Purge wells AF55, AF56, and AF57, which went into oeration
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in April 1978, may have dra water away from AF50 before it ceased to be

monitored. It is also possible that most of the highly contaminated water had

passed eastward by the time purge pumping began, or that, because AFS0 is a

shallow well (32 feet), trichloroethylene moved to a depth below the well

screen.

The trichloroethylene concentration of water from well AF57, just south of

AFS0, decreased from 15,000 ug/L in Nay 1978 to less than 1,000 ug/L in October

1978 (fig. 15). In November 1978, well AF57 became the dominant purge well

near the spill site, and concentrations began to increase, generally ranging

from 1,500 to 2,000 ug/L (average, 1,697 g/L) during the first half of 1979.

Concentrations decreased during the latter half of the year. During 1980,

concentrations generally ranged from 500 to 1,500 g/L (average, 870 ug/L) and

did not differ appreciably during early 1981.

Increased pumping of well AF3, about 1,750 feet east of AF57, accelerated

the movement of water eastward in early 1978. Concentrations of trichloro-

ethylene in water from well AF3 decreased substantially (fig. 16), probably
because greater amounts of less contaminated water were drawn to the well from

the east and south. Most concentrations ranged from 1,500 to 3,000 ug/L (average

2,220 ug/L) during 1979 and early 1980. As pumping from well AF3 decreased in

early 1980 and terminated for new pump installation in April, concentrations

again increased. Resumption of pumping in September 1980 caused concentrations

to decrease significantly.

Figure 17 imlicates that utilization of well AFI as a purge well, beginning

in April 1978, Irew contaminated water to the well. Trichloroethylene concen-

trations increased from less than I00 ug/L to about 900 ug/L in October 1978.

Continued pumping of well AFI and AF3, however, caused a progressive decrease

in the trichloroethylene in water from well AFI. From April 1980 to March

1981, the average concentration in water- from AFI was 79 ug/L. A rch 1981

sample contained only 16 ug/L.

Until pumping of wells AF4 and AF5 (pl. I) became heavy in March 1978 and

until purge pumping of AF2 increased in the summer of 1978, only trace quan-

tities of trichloroethylene were detected in water from well AF2. Figure 18

shows that the trichloroethylene concentration increased until early 1980 and

then decreased. Since May 1980, concentrations have been less than 5 ug/L.

Tricholoroethylene in water in wells AF4 and AF5 has been detectable

since late 1977, although less frequently in AF4 than in AF5. Concentration

levels have not increased, largely due to the substantial pumping of wells AFI,

AF2, and AF3. In general, pumping has also retarded the movement of trichloro-

ethylene eastward to Van Etten Lake; only low or trace amounts have been

detected in wells R4D, R4S, and AFSI, which are about i,I00 feet northeast of

well AF3.

Trichloroethylene was detected in water-supply wells AFI8 and AFI9 in

November 1977, shortly after the wells began to be pumped heavily in lieu of

pumping the eastern supply wells. The maximum concentrations were 92 g/L in

water from well FI8, in February 1978, and 66 g/L in water from well AFI9,
in December 1977. Concentrations decreased rapidly, however, as withdrawals

were again made largely from the eastern supply wells. The Geological Survey

analyses of water from well AFI8, in December 1979 and January 1980, show

nondetectable levels.
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Initial concern was that trichlorocthylcnc from the spill site at Building

43 had been drawn to the southern water-supply wells AF18 and AF19. Water-

ement, however, indicated that a gromd-water divide running
level mcasur =. ...... :--,-obable To determine if

s rh Base (ig. o) maoe n- 1,,,1-dagona.lly acr.os ;.._ -.- awl8 ,and AF19 could have diverted flow at Bmlding
extensxve pumping itemw

3 from its natural eastward course ,and caused contmninants to reach the southern

supply wells near Perimeter Road, the Base grotmd-water flow model was used to

simulate the perod of heaviest pumping of wells AF18 and AF19, that of December

1977. Results of this simulation (fig. 19) show that ptnping of wells AFI8 and

AFI9 did not cause ground water to flow southwestward from the spill site at

Building 4. The water at wells AFI8 and AFI9 remained 1 to 3 feet higher than

the surface at the spill site. Because of this, contamination of these wells

cannot be attributed to the spill. The only known potential source of trichloro-

ethylene is the pipeline from the waste-treatment plant to the seepage lagoons,

which may have b,en leaking slightly. This is supported somewhat by unpublished

chemical analyses of water from these wells by the Geological Survey from 1966

to 1975, which indicate that chloride and nitrate concentrations have, at

times, been higher than at many other locations on the Base.

The most highly contaminated part of the Building 43 plume (greater than

1,000 vg/ of trichloroethylene) seems to have been arrested by purge pumping.

Near capacity purge pumping must be maintained to prevent eastward movement,

however. Because purge well AF3 was not pumped from April to September 1980, a

." tion reflecting this decrease in pumping was made to investigate
model sxmula . ..nnt art of the plume. The
the effect on movement ot ne ,, ,’r,""

ed

simulation indicates that, when well AF3 is not pumping, equipotential lines

are shifted, so that-ground-water flow near Building 43 is toward purge well

AF1 rather than well AF3 and that the water table is about 0.5 foot higher

between Building 43 and well AF3. Under this condition, the concentration of

trichloroethylene in water near well AF1 would eventually increase. Eastward

movement of the boundary of the most highly contaminated part of the plume is

also possible, particularly, between R18 and AF3. This will remain true until

additional purge wells are installed in the central part of the plume.

Removal of trichloroethylene from the Building 43 area.--Based on purge

pumping ikata and trichoroethylene analyses provided by th6 Air Force, and

analyses made by the Geological Survey, 580 gallons of trichloroethylene is

estimated to have been removed from the ground-water system betweem November

1977 and March 1981. About 84 percent of this amount has been pumped from

wells AF3 and AF57. Pumping from wells AF1, AF56, and AF59 has accounted for

15 percent; the remaining 1 percent has been pumped from wells AF2, AF55, AF58,

and AF60.

Figure 20 shows the effect of pumping on trichloroethylene removal. From

early 1979 to the fail of 1980, a decrease in pumping from AF1, AF3, AF56,

AF57, an AF59 substantially reduced the rate of trichloroethylene rein.oval from

the syst. Most of the reduction cannot be accounted for by changes n con-

centrations. From September 1978 to August 1979, 215 gallons of trichloro-

ethylene was purged; whereas, beta,’een September 1979 and August 1980, only

about 75 gallons was removed from the system. Installation of a new ptmlp in

well AF5 in September 1980 increased the rate of trichloroethylene removal.





Figure 19.--Simulated water table resulting from pumping from wells AFI8 ind AFI9.
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Figure 20.--Effect o pumping rate on trichloroethylene removal.





btodel simulations were used to identify sites where substantial quantities

of water could be removed from the most highly contaminated area. Results of

these simulations suggested that, for most rapid and efficient purging of the

ground-water system, three new purge wells, identified as P1, P2, and P5 on

figure 21, could be drilled. Additional water could also be removed from the

system by reconditioning well R7D, and pumping it as a purge well. In simu-

lations, the assumption was made that pumping rates during 1979 would also be

maintained for existing purge wells. In operation the purge system would

include wells AF1, AF3, AFSS, AFST, AF58, AF59, AF60, P1, P2, PS, and R7D.

The most efficient removal of trichloroethylene might require either decreasg

the rate of pumping from AF58, AF59, and AF60 or eliminating these wells from

the system. Total pumpage from the wells could be as much as 1,200 gal/min,

if a rate of 250 gal/min could be maintained from P1, P2, and P3.

To evaluate the effects of suggested purge pumping in the Building 43

plume area, a model simulation using estimated purge pumping rates was made.

Because water-supply withdrawals have a significant impact on the water table,

estimated rates for supply wells were also included, and the simulated water

table compared with the water table in March 1980. The following pumping

rates, in gallons per minute, were used:

Well
Model simulation

pumping rate
5rch 1980
Eumping rate Well type

AF1 180 179 Purge

AF2 140 141 Supply

AF3 200 27 Purge

AF4 130 129 Supply

AF5 125 124 Do

AF55 44 43 Purge

AF57 56 77 Do

AF58 0 1 Do

AF59 36 15 DO

AF60 0 2.6 DO

RTD 100 0 DO

Pl 200 0 Do

P2 200 0 Do

P3 300 0 Do

Figure 21 shows the simulated water table when all the wells are in

operation. The simulation indicates that the water table in the central part

of the plume will be lowered by about 15 feet and that contaminated ground

water will be drawn to purge wells from the north, south and east of the most

highly contaminated zone. Trichloroethylene will not escape eastward to Van

Etten Lake.

Analyses of water from purge wells, made while the ground-water system is

under stress, should provide a basis for determining if pumping rates need

adjusting, and if any purge wells can or should be dropped from the system.

It should also be possible to predict, after a few months, how rapidly tri-

chloroethylene can be removed from the system.
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Evidence indicates that removal of trichloroethylcne from the grotmd-
water system will not be significantly retardcd by absorption on organic
material in the aquifer. Visual examination and sieve analysis of core

samples from well. indicate that the amount of organic matter is very small.

Chemical analyses of core samples have shocn that the organic carbon content

is less than 0.2 percent. Because the organic carbon is low, it probably does

not act as a strong control on the movemcnt of trichloroethylene in the aquifer.

Analyses of core :,d soil samples (table 3) did not detect absorbed trichlor0-
ethylene, althougl associated water did contain low concentrations. These
conditions are felt to be general over much of the Base, and thus purging of

the ground-water system of trichloroethylene seems possible. The decrease i

the trichloroethylene concentration in water from several Air Force wells,
such as well AF2 (fig. 18), suggest that trichloroethylene can probably be

15urged to low levels.

Alert Apron Plumes

Geological Survey analyses of water from the domestic well of Charles

Pierce, off Base near Van Etten Lake, have confirmed concentrations of tri-

chloroethylene (400 to 800 ug/L) detected by the U.S. Air Force and State
agencies. A preliminary evaluation of ground-water-flow data in the initial
stages of the study concluded that the spill site at Building 43 was not the
source of trichloroethylene in the Pierce well. Subsequent analyses of water

from wells north and south of the Pierce well did not show trichloroethylene,
which indicated that contamination was either very localized or that its

source was southwest of the Pierce well. A low concentration of trichloro-
ethylene (20 ug/L) was detected in shallow water of Van Etten Lake adjacent to

the property of Charles Pierce. Installation of wells southwestward from the

Pierce well and analyses of water demonstrated the existence of a major
trichloroethylene plume extending to a point about 400 feet west of Pride Road

on the Base. Figure 22 shows a generalized boundary of that plume, and a

probable second plume, or area of contamination, immediately north orbit.

Vertical distribution of the trichloro.ethylene within the southern, more

extensive plume seems to vary. For example, concentrations in water from well

RI9D, 68 feet deep, ranged from "not detected" to I0 ug/L. Adjacent well
RI9S, 39 feet deep, had trichloroethylene concentrations ranging from 247 to

291 ug/L. Wells R36D and R36S, 54 and 35 feet deep, showed similar concentra-
tions (372 and 323 ug/L) in August 1980. Well R50S, 24 feet deep, near the
apparent origin of the major trichloroethylene plume, had a maximum concentra-
tion of 1,074 g/L. In the area of contamination immediately north of the
major pltne, well R49S (24 feet deep) had a maximum concentration of 1,000 g/L.

A precise northeastern boundary cannot be established for the small
northern plume because of restricted drilling conditions near the alert apren
area. To determine if trichloroethylene had moved east of the alert apron,.
wells R94S, R94D, and R95S were drilled near the eastern fence line at loca-

tions shon on figure 22. Trichloroethylene was not detected in water from
these wells. This indicates that the northeastern boundary of the plume
probably terminates under the alert apron, but at a location that cannot be
determined.
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Figure 22.--Alert Apron trichloroethylene plume, 1980.





Information su,,gests that trichloroelhylene may have been used 15 or more

years ago in the st,ragc arca wcst o Pride Road, but use since that time is

unlqm. Along the path of grotmd-watcr movement, the distance from Pierce’s

well to the area of probable origin of thc trichloroethylene is about 4,500

feet. Based on thc hydrologic charactcristics of the aquifer, and without

consideration o po’osity, thc rate o water movement in the area is about 0.8

foot per day in the eastcrn part and about 0.4 foot per day in the western

part. Thus, trichloroethylene found near Pierce’s Point may have entered the

aquifer about 20 years ago, a period of time that does not differ appreciably

from the latest date trichlorocthylcne may have been used in the storage area.

Considering the ratc and direction of ground-water flow, the continuous nature

of trichloroethylenc contamination extending from the storage area to Pierce’s

well, and the possibility that trichloroethylene was used in the southwestward

ai-ea o the plume, trichloroethylene found in the Charles Pierce well probably

had its origin on the Base some years ago.

Removal of trichloroethylene from. the alert apron area.--blodel simulations

were used to determine the most hydrologically suitable purging scheme in the

alert apron area if purging is found to be desirable The simulations indicate

that installation of 12, 4- to 5-inch diameter wells, each having a capacity o=-
40 gal/min, will be most efficient and effective in rapidly removing water ro
the plume, lells 30 to 45 feet deep will allow the top o the screen to be 5

to 10 feet below the water table Figure 23 shows suitable locations of purge

wells and the water-table altitude that would result from their operation. The

water table resulting from the pumping simulation is compared to that o a

nonpumping condition in August 1980. The simulation indicates that water would

be withdrawn from the entire area o the major plume without removing significant

amounts o surrounding uncontaminated water.

Three wells in the contaminated area north of the major plume should purge

this area effectively. Because the location of the alert apron prevents

accurate determination of the northeastern boundary o this contaminated area,

wells R12D, R94S, and R95S (pl. 1) could be monitored to detect trichloro-

ethylene that might migrate northeastward.

Waste-Treatment Plant Area

Water-level data indicates that trichloroethylene found east of the

waste-treatment plant (fig. 24) did not come from leakage of the storage tank

at Building 43. Trichloroethylene concentrations measured by the Geological

Survey, which range from 23 to 70 vg/L in water from well AFI5, confirm levels

measured by the U.S. Air Force. From the time Air Force sampling began in late

1977 until February 1980, trichloroethylene concentrations in water from well

AFI5 generally ranged from about 50 to about I00 vg/L. Although concentrations

were lower (average, 41 vg/L) from March to August 1980, no pattern of decline

was evident. Water from well R25S, drilled in April 1980 about 200 feet west

of well AFI5, contains similar trichloroethylene concentrations. Air Force

data have consistently shown trichloroethylene concentrations of less than I0

g/L in water from well AF64, which is about 200 feet east of well AFIS. Since

March 1980, however, concentrations of water from AF64 have been less than 3

vg/L. From March to August 1980, well AF63, at the southeast corner of the
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waste-treatment plant, ustmlly )’ielded water containing less than 2 vg/L. Tr.e

comparatively stable levels of trichloroethylene in wells AF15 and R25S and ".he

fact that ground-wlter flow is slightly southeastward from the treatment

suggested that the waste-treatment plmat is the source of trichloroethylene.

Sludge placed in the drying beds at the waste-treatment plant were sus-

pected of having ,adsorbed trichloroethylene at a time before water pumped to

the plant was passed through carbon filters. A study of trichloroethylene

adsorbed on sludgo by Camisa (1975) indicated that as much as 3,030 mg of

trichloroethylene could be adsorbed on a kilogram of solids. If sludge org.ic

matter in the drying beds did contain a substantial amount of trichloroethylene,

a slow release to the ground-water system would be expected.

Further investigation of the situation was made by drilling deep and

shallow wells (R76D,S ,and R77D,S) at two locations just east of the waste-

treatment plant. Core and water samples were collected from these wells,

soil samples were collected at sites A and B shown on figure 24. In additicm,

samples of sludge bed material were collected from each of the four beds.

Analyses are given in table 3.

Results of analysis of water from deep wells R76D and R77D and shallow

wells R765 and R77 indicate that levels of trichloroethylene previously

in wells AFI5 and R25S extend westaCard to the waste-treatment plant. Trichloro-

ethylene data obtained by the Air Force (wells AF63 and AF64) and the direction

of ground-water flow indicate that most trichloroethylene contaminated water is

north of well AF63 and south of well AF64. Dichloroethylene and benzene were

not detected in water from any of the wells.

Trichloroethylene was not detected on the sludge bed soils, in surface

sludge material, or on soils collected east of the treatment plant at sites A

and B. This strongly suggests that trichloroethylene has not been adsorbed on

soils or underlying materials and that release of trichloroethylene to the

ground-water system from these materials is not occurring as once suspected.

Sludge placed in the beds before the installation of carbon filtration equip-

ment on the Base remains the most plausable origin of the trichloroethylene,

however. In all probability, trichloroethylene in the sludge moved downward to

the ground-water body beneath the beds, without significant adsorption.

Analyses of water from well AFI5 by the Air Force and the Geological

Survey suggest concentrations of trichloroethylene are decreasing slowly, wbAch

is consistent with discontinued use of the sludge beds and carbon filtration of

purge water before piping to the treatment p]ant. Some decomposition may also

be occurring, even though oxygen, which is probably essential to decomposition

of trichloroethylene in the absence of light, is undoubtedly quite low in tP.e

ground water.

Support for a general improvement of water quality east of the waste-

treanent plant is provided by nitrate plus nitrite data. Analyses of water

from well AFI5 showed nitrate plus nitrite concentrations of 25 and 28 mg/L as

N (table 2) in the summer and fall of 1980; a concentration of 4.2 mg/L was

measured in ay 1981. The following table shows the results of },ay 7, 1981

sampling:
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Nitrite plus Chloride,
Nitrate, total dissolved

Well Dat__e (mg/L as N) (_mg/L as CI)

R25 05/07/81 2.0 15

R76D 05107181 .I0 15

R76S 05107/81 <.i 15

R77D 05/07/81 .22 13

R77S 0S/07/81 6.0 28

AF15 0SI07/81 4.2 17

AF63 0S/07/81 <.1 20

AF64 05/07/81 <.I 10

Once disposal of sludge at the treatment plant was terminated, the most likely

source of nitrogen was eliminated. Natural flushing of the system in the

waste-treanent plant area would be expected as ground water moved eastward.

Table 3 shows that dichloroethylene, benzene, toluene, methylene chloride,

and tetrachloroethylene occurred on soils, sludge bed materials, and in well

cores. Undifferentiated hydrocarbons (primarily straight chain) were also

present. Benzene and undifferentiated hydrocarbons, detected on more than half

of the 21 soils and cores, occurred most frequently. Soils of sludge beds 3

and 4 contained all the compounds except toluene and had the highest concen-

trations of undifferentiated hydrocarbons. Sludge bed 4 is known to have

received hydrocarbon waste.

Benzene was associated with cores obtained from wells R76D and R77D at the

5- and 10-foot depths. Benzene occurred in core material from 50 feet in well

R77D at a concentration of 43 vg/kg, the highest concentration of any single

organic substance detected. The same core material also contained 32 vg/kg of

other hydrocarbons calculated as benzene. Small amounts of toluene were also

detected on the cores.

Hydrocarbons other than trichloroethylene have not been detected in water

from wells east of the treatment plant. This suggests that these compounds, in

contrast to trichloroethylene, are tightly bound to the soil and underlying

material and thus do not seem to be potential ground-water contaminants in the

waste-treatment-plant area.

Model simulations suggest that proposed purge pumping in the Building 43

plume area will have little effect on the direction of ground-water flow in the

waste-treatment-plant area.

Northern (Perimeter Road) Landfill Area

Interest in the northern landfill area was related to the possibility that

the landfills were a source of trichloroethylene found near Pierce’s Point.

Two tankers, known to contain trichloroethylene, also had been buried along the

southern margin of one of the landfills. Initial well drilling and analysis o
water by the Geological Survey indicated that trichloroethylene, dichloroethylene.

and benzene were present in the water, although no conclusive pattern of con-

tamination was evident. Trichloroethylene was either not detected or concen-

trations were less than i g/L in wells R16D and Ri6S, which are at the former

site of the buried tankers.
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In an effort to better define the sit,ration, additional deep and shallow
wells were drilled ,n and off Base. Figure 25 shows the locations of wells m-.d

results 9 analyses, Water from Dry Creek (pl. 1) was also collected and
analyzedM. Analyses indicate that trichloroethylene does not occur in the

deeper part of the aquifer; resampling of all wells in the area in March 1981

showed trichloroethylcne only in water from shallow well 04S (152 vg/L). The
source of trichloroethylcne seems to be in the southeastern landfill, because

water from wells R2ZD, R22S, and R93S along its west margin have nondetectable
levels.

Benzene and dichloroethylene occur principally in shallow wells. Ilowever,

water from a deep well off Base, R88D, had a dichloroethylene concentration of

155 vg/L, second highest found. Figure 26 illustrates the distribution of

bnzene, dichloroelhylene, and trichloroethylene.

Figure 27 shows the altitude of the water table and the direction of

ground-water flow in the northeast landfill area. bbvement is northeastward
toward Van Etten Lake. The altitude of the water table ranges from 585 to 61

feet. In the westem part of the area, the water table is based on model
skmulation; in the central part, it is based on water levels measured in b,hrcak

1981. Between Van Etten Lake and well R39S, the water table is approximate.

Based on ground-water-flow data, it seems that the source of both the
benzene and dichloroethyene is in the western landfill area. The absence of
dichloroethylene in well R89S, based on one analysis, may not be conclusive

evidence that dichloroethylene does not exist in the shallow part of the

aquifer in the area of the well, particularly because water from well R89D

contained 5.7 ug/L.

Model simulations to assess the pact of proposed purge pumping in the

Alert Apron plumes indicate that the effect on the direction of grotmd-water
flow in the landfill area will be minimal. Flow may be shifted more eastward

as a result of pumping, but water will continue to move to Van Etten Lake.

1,2-Dichloroethylene, Trichloroethylene, and
Benzene West of Building 43

Initial sampling and analysis to define the extent of trichloroethylene
contamination from the Building 43 spill also indicated that dich]oroethylene

was present in the area of the trichloroethylene plume (fig. 28). The highest
concentration of dichloroethylene, however, was about 900 feet northwest of ne
trichloroethylene spill site in water from well 07D. The maximum concentration

in water frmthis well, which is 64 feet deep, was 266 vg/L. In contrast, six

samples franadjacent shallow well, 07S (27 feet deep) showed nondetectable
levels. The source of the dichloroethylene was presumed to be west of well 0,

in the path of ground-water flow.

In an effort to locate the source of dichloroethylene, 23 deep and shallow

wells were drilled wesard to the vcinity of Skay Street. Analyses of

water from these wells indicated not only dichloroethylene, but traces of

i/ Samples collected December 20, 1979, and January I0, 1980, did not

detect-able lels of trichloroethylene, dichloroethylene, or benzene.
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Landfill

Figure 25. --Concentrations of trichloroethylene, dichloroethylene, and benzene,

and the location of wells in the northern landfill area.
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trichloroethylene and benzene as well. Figure 29 shows the location of wells

and the concentrations detected; figure 30 outlines the areas of detection.

Ground-water flow i.n the area is generally eastward (fig. 31). In the

past, most flow has beeu toward the area of drawdom produced by pumping of

wells AF1, AF3, AF4, aad AF5 and wells near Building 45. bbdel simulations
show that these pumping conditions substantially altered the direction of

ground-water flow. During December 1977, when supply wells AF18 and AF19 were

pumped heavily, a more southerly component of flow was produced. In the

future, additional purge pumping in the Building 43 area will increase the rate

that ground water moves eastward.

Dichloroethylene occurs in both deep and shallow wells in the area out-

lined on figure 30 and in water from well G7S (2.0 g/L) and well R9D (6.0
ug/L). Four previous determinations of dichloroethylene in water from well

R9D, however, showed nondetectable levels. Shifting patterns of ground-water
flow sometime in the past could account for dispersion of dichloroethylene

southward to these areas. Data obtained from deep and shallow wells tlS, Hll,

H12, and 07 suggest that a separate source of dichloroethylene may have existed

at one time in the area of wells 07D,S. Dichloroethylene in this area is being

drm,n eastward toward Arrow Street by current purge pumping. Concentrations in

well 07D decreased from 266 ,g/L in December 1979 to 84 g/L in March 1981.

Trichloroethylene was discovered in both deep and shallow wells as far

west as Flight Street (fig. 30). Concentrations of trichloroethylene in water

from well H6S were as high as 821 ug/L. Water from an adjacent deep well (H6D)
had a maximum concentration of 3.2 ,g/L. Water from well H10S had a concen-

tration of 33 ug/L. Farther east, in the path of ground-water flow, well H13S

showed 125 lg/L; eI1 H13D showed a nondetectable level, however. is indi-

cates that trichloroethylene is primarily in the shallow part of the aquifer.

Nondetectable levels in weIls H4D and H4S suggest that trichloroethylene

entered the aquifer in the general vicinity of Building 5067. Trichloroethylene

in water from ells 75, RgD, and R9S indicates that a separate source of con-

tamination may have existed at one time west of Crew Street. Movement of tri-

chloroethylene from this area, rather than dispersion from the Building 43

spill may account for traces of trichloroethylene previously detected in

wells R8D and RSS.

Although dichloroethylene and trichloroethylene occur in the same general

area, their presence in the ground-water system is probably the result of sepa-

rate uses. This is" indicated, first, by the fact that trichloroethylene tends

to be primarily in the shallow part of the aquifer; dichloroethylene, however,

tends to be concentrated in the deeper part at some locations. Second, well

water that has one of the substances may not have the other. For example,

water from wells H3D, H3S, H4D, and H5D in the western part of the area con-

tained small amounts of dichloroethylene but no trichloroethylene. Simiarly,

water from wells HIID and HIIS contained dichloroethylene but no trichloroethylene.

Water from well RgD did not contain dichloroethylene on three occasions when

trichloroethylene was detected; on a fourth occasion, dichloroethylene was

detected, but trichloroethylene was not. Third, water from well HI3D contained

dichloroethylene but no trichloroethylene; the opposite was true for adjacent

well HI3S.

Benzene was detected in well H2S near Skyway Street. Water collected in

Starch and April 1981 had concentrations of 520 ug/L and 460 ug/L, respectively.
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Figure 29. --Concentrations of trichloroethylene, dichloroethylene, and benzene,

and t/e locations o wells in the central part of the Base.





Figure 30.--Distribution of trichloroethylene, dichloroethylene,

in the central part of the Base.

and benzene,





Pigure 51.--%ater table and direction of ground-water flow in central part of the Base.





Benzene was not detecled in an adjacent dcep well (H2D), nor in my of the
other wells drilled west of Building 45. This isolated occurrence suggests
recent and local cont;unination. Based on the path of ground-water flow,
spillage near Building 5073, which is a JP-4 fuel ptnp house, may have occurred.

Benzene Near Bulk-Fuel Storage Area

Water from wells RIOD and RIOS southeast of Building 43 contained sub-
stantial amounts of benzene (fig. 32) when initially sampled in December 1979.
Water from well RIOS (28 feet deep) had a benzene concentration exceeding 1,000
ug/L. Traces of toluene, as well as other not easily identifiable organic
compounds, were present in the water. Water from RIOD (about 60 feet deep)
contained 197 g/L of benzene. Because of fuel storage facilities in the area,
suspicion was cast on storage tanks and underground lines. JP-4 fuel, gasoline,
heating fuel, and de-icer are all stored in the general area. Samples of
gasoline and JP-4 fuel were sent to the laboratory for comparison withwater
from well RIOS in an effort to identify which facility was the likely source.
Results were inconclusive. Decomposition of the fuel substance contaminating
the water made positive identification impossible, but a comparison of gas
chromatogTaph spectra suggested J-P-4 fuel to be the most likely contaminant.

Movement of ground water near the fuel storage area is influenced by
pumping of Base supply and purge wells. The water table in late brch 1981
shows this effect. Water from the southern part of the fuel storage area flows
eastward toward Fan Etten Lake, whereas that from the northern part flows
northeastward toward Base purge wells. Figure 33 shows the water table and
direction of grotmd-water flow.

To investigate the movement and distribution of benzene, the Geological
Survey drilled 15 additional deep and shallow wells between the bulk-fuel
storage area and Van Etten Lake. The Air Force drilled I0 wells enciicling the
storage area. These 25 wells and 12 other wells formed the basis for further
analysis of the problem. Table 1 gives the results of analyses for benzene ,
trichloroethylene, dichloroethylene, and other hydrocarbons. Figure 32 shows
the extent of m benzene plume and concentrations found.

The absence of benzene in wells AF70, AF71, and AF72 south and west of the
bulk-fuel storage area suggests that the benzene has its origin east of Par
Road. Concentrations were greater than 1,000 vg/L only in shallow wells (RIOS
and AF68). Water from deep wells contained substantially less, suggesting that
the benzene is primarily in the shallow part of the aquifer. Analyses of water
from wells AF62, AFT6, and R86S indicate that the benzene has reached the
vicinity of the hospital. Analyses of water from wells O6S, R81S, R82S, R83S,
and R84S indicatethat benzene has not reached Skeel Avenue, although well O6D
did have a concentration of 5.9 vg/L on January 31, 1980. Four other analyses
of water from well O6D showed nondetectable levels, however. Benzene was
detected in wells R80S and OIOS east of Skeel Road. Water from well R80S had a
COncentration orS.o vg/L on December 17, 1980. Well OIOS, off Base near Van
Etten Lake, had a concentration of 4.5 vg/L benzene on January I0, 1980; three
Other analyses of water from the same well showed nondetectable levels. It
does not seem likely that benzene found east of Skeel Road can be related
Conclusively to a source near the bulk-fuel storage area. Benzene in water
from these wells may be due to other small but unidentified sources, or to
COntamination during well drilling.
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Figure 52.--Concentrations of benzene and location of wells near the bulk-fuel storage area.





Figure 33.--Water table and direction of ground-water flow near the bulk-fuel storage area.





The direction of ground-water flow near the storage area and the occur-

rence of the hip.best benzene concentration (1,458 ug/L) in well AF68 suggest

that the source is near JP-4 storage tank 7000. The source of benzene n ’ells

R]0S and R10D m), be either near tank 7000, tank 7001 (JP-4 fuel), or tanks

7039 and 7040 (leating fuel). If no leaks in lines or tanks can be detected,

spillage on the ground around the tanks at some time in the recent past might

account for the contamination.

The amount of fuel substance in the ground-water system can only be

estimated. The distance between well AF68 and wells R10D,S is about 150 feet.

Assuming a width of 100 feet, and using available geologic, hydrologic, and

concentration data, the ground-water system between the two wells is esti3rated

to contain 1.8 gallons of benzene. Geological Survey analyses of JP-4 fuei for

benzene suggest a content of 1 to 2 percent; Air Force data indicate a benzene

content about 1 percent for JP-4 fuel, and 1.2 percent for gasoline. Thus, 1.8

gallons of benzene would indicate 150 to 200 gallons of fuel substance. If the

remaining part of the plume area is considered, the amount in the plume might

be tice as great.

Benzene in water from well AF73 is probably not derived from the area of

JP-4 storage tank 7000. Ground-water flo to well AF73 is more likely to have

been fro the area of tanks 7002, 7003, and 7004, which contain gasoline and

de-icer. Flow may also have been from the area of JP-4 storage tank 7001,

depending on the pumping of water supply and purge wells. Spillage or leakage

in these areas is a possible cause of benzene in water from this well. Benzene

in water of well AF69 is probably from the area of the JP-4 storage tank 7000.

lel simulations show that the direction of ground-water flow in the

fuel storage area is sensitive to drawdown produced by pumping, lNen all

pumping s eliminated from si3nulations, ground-water flow from the storage

area as nearly due east. Thus, variations in pumping of Base wells tend to

shift flo beqeen an east and northeast direction, dispersing contaminants in

water near the storage area. This may be the reason that well AF62 contains

benzene, but well AF75 (lying between wells AF62 and AF68) does not.- Increased

purge-puping in the Building 43 plume area wilI tend to accelerate movement of

ground ater from the fuel storage area toward the purge wells.

Re,oval of benzene from the bulk-fuel storage area.--Installation of purge

wells in the benzene plume near the fuel storage area was investigated by model

simulations. From one to five wells were considered; a removal rate of 150

gal/mi s assumed in each simulation. Figure 34 shows the altitude of the

water table and the direction of ground-water flow for a five-well system that

would be the most hydrologically efficient in removing benzene (or fuel substance).

Altitudes and directions have been computed assuming new purge wells are opera-

tional in the Building 43 trichloroethylene plume area. Results of the simula-

tions indicate that the altitude of the water table and the direction of

groundoater flow would change only slightly if the number of purge wells were

varied. Igells capable of pumping 30 gal/min, 6 inches in diameter with screens

set at about 40 feet, could be installed.
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Seepage lagoon Area

Seepage lagons in the southwestern part of the Base (fig. 55) receive

water from the wa,te-treatment pl,nt by an mderground pipeline. Because water

in the lagoons is at a higher altitude than the surrounding water table, the

lagoons leak in all directions. Of principal concern, however, is leakage to

the south, which might reach the Au Sable River.

To monitor southem movement of contaminants from the lagoons, the

Geological Survey installed deep (41 feet) and shallow (30 feet) wells O2D and

O2S just off Base, Four additional Air Force observation wells along the

northern and sout|ern botmclaries of the lagoons monitor trichloroethylene

concentrations, and smnples are obtained routinely from standing water in the

lagoons.

Concentrations of trichloroethylene have decreased in water in all Air

Force observation wells since monitoring began in Januaz/ 1978. Since Narch

1980, water from observation wells 2 and 3 have consistently shown concentra-

tions of less than 5 ug/L; generally, they have been either less than 1 g/L,

or nondetectable. Observation well I, from which sampling was terminated in

October 1979, yielded water containing less than 5 vg/L. Observation well 4,

before January 1980, yielded water that had a concentration as high as 37 ug/L.

From April 1980 to March 1981 the average concentration was about 8 g/L.

Well 02S yielded water containing as much as 9.4 g/L trichloroethylene

and as much as 17 ug/L dichloroethylene. Trichloroethylene and dichloroethylene

were not detected in water from well O2D, but benzene (4.5 ug/L) was detected

on one occasion.

U.S. Air Force analyses indicate that concentrations of trichloroethylene

in standing water in the lagoons decreased rapidly from August 1979 to Deceer

1979, primarily because the trichloroethylene concentration of water received

from the treatment plant was decreasing. Carbon filtration of water from purge

wells has generally reduced trichloroethylene to nondetectable levels. Thus,

water piped to the waste-treatment plant from the carbon filtration system and

subsequently to the lagoons now does not contain trichloroethylene. Dichloro-

ethylene and benzene found in wells O2D and O2S were probably in purge water

pumped to the waste-treaent plant before installation of carbon filtration

and thus reached the lagoons in the same manner as trichloroet.hylene.

General Chemical, Physical, and
Biologic Characteristics of Ground Water

Water from 35 wells installed by the Geological Survey ad the Air Force

were analyzed for a variety of constituents and properties. Table 2 lists the

results of these analyses.

Data s’ere obtained to (I) evaluate general water-quality characteristics

and how they vary, and (2) assess the effects of landfills on ground-water

quality. Thus, wells selected for sampling were either .chosen for areal

representation or because they were adjacent to landfills in the path of

ground-water movement.
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Trace etals

Cadmium, chromi, copper, lead, mercury, nickel, selenitn, and zinc
content of water from 31 wells was determined, l’ith the exception of zinc,
concentrations of each of these metals at all locations were low compared to
drinking-water standards o the U.S. -Environmental Protection Agency (1977).
Standards have not been set for nickel. Although nickel was not detected in
water from 29 of the 31 wells, water from wells O2S and R29S had a concentra-
tion of 100 g/L. The fact that well O2S is near the seepage lagoon may e of
significance; no explanation can be offered for the higher nickel concentration
of water from well R29S.

Chloride, Nitrogen, Phosphorous, and
Specific Conductance

Specific conductance, a measure of the ability of water to conduct an

electric current, can be used to estimate dissolved-solids concentration. The
relation of dissolved solids to specific conductance is determined by the
amount and type of substances in solution, blost Nichigan ground waters, in the
mineralization range found at lVurtsmith Air Force Base, have a dissolved-

solids/specific-conductance ratio of about 0. SS (Cummings, 1980). This ratio
and specific-conductance values in table 2 have been used to compute and illus-

trate the general variation of dissolved-solids concentration in ground water

at Wurtsmith Air Force Base (fig. 36). On much of the Base dissolved-solids

concentrations range from about 100 to 200 mg/L. In the eastern part of the

Base, the area of most intense operations and activity, dissolved-solids
concentrations range from about 200 to about 440 mg/L. Levels are similar in
the northern landfill area, where seepage probably increases dissolved solids

downgradient. The dissolved-solids concentration of water from wells R27S near
Pierce’s Point and O2S at the seepage lagoons are also in the higher range.
tgith respect to well O2S, seepage from the lagoons is probably the reason. No
explanation can be given for the higher dissolved-solids concentration in water
from well R27S. t’ater from well AF15 near the waste-treatment plant had-the
maximum dissolved-solids concentration on the Base, estimated to be 440 mg/L.
It seems probable that seepage from sludge drying beds at the plant is re_cponsible
for this high concentration.

In general, cKloride concentrations follow an areal pattern similar to

that of dissolved-solids concentrations (fig. 37). Environmental and cul>aral

influences, which determine these patterns, are likely to be similar.

Nitrate plus nitrite concentrations indicate less consistency in areal

distribution’than chloride and dissolved-solids concentrations. Concentrations
exceeding5 mg/L (computed as nitrogen) were found inwater from wells RI?S,
R20D, R21S, R36S, and AF15. l’ater from wells R20D and R21S, which are adjacent
to small landfills, has higher nitrate plus nitrite probably because of leaching

of the landfill contents. The reason for corparatively high concentrations of

nitrateplus nitrite in water from wells R17S (7.6 mg/L) and R36S (10 mg/L) is

unknown, l’ater from well AF15 contained as much as 28 mg/L as N, which sub-

stantially exceeds the Environmental Protection Agency standard of 10 mg/k for

drinMng’ater. This high nitrogen concentration is attributed to sludge
disposal at the waste-treatment plant. Phosphorous concentration (1.2 mg/L)
was significant at only one location, near the seepage lagoons in the south-
western part of the Base (well O2S).
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Figure 56.--Variation of dissolved-solids concentration in ground water.





;:igure 7.--Variation of chloride cocentratio i ground water.





Chemical Oxygen Demand,
Biochemical Oxygei Dcm;md, and Oil and Grease

Chemical oxygen demand (COD) is a measure of the chemically oxidizable

material in water and generally indicates the minimum amount of organic and

reducing material preset. Biochemical oxygen demand (BOD) is a measure of the

oxygen demand created by the bacterial decomposition of organic matter. Because

COD and BOD measure demand of both contaminants and naturally occurring sub-

stances, low concentrati.ons are not easily interpretable. COD concentrations

greater than 20 mg/L occurred in the northern landfill area and in well O2S

south of the seepage Ingoons. These data support preceeding statements re-

garding the effect of the landfills and the lagoons. Water from wells O6D and

RIOS contained 39 mg/L and 66 mg/L COD, respectively. It seems certain that

the higher COD concentration in water of well RIOS is related to the benzene

detected in the area.

BOD concentrations ranged from 0.0 to 14.2 mg/L; 27 of the 34 analyses

fell in the 4.0 to 8.8 mg/L range. With the exception of well R22S (13.8 mg/L)

in the northern landfill area and well O2S (14.2. rag/L) near the seepage lagoon,

BOD concentrations are not particularly suggestive of ground-water contamination.

Water from wells B4D, BSD, and BIOD, in the western part of the Base, where

activity is less, had concentrations that did not differ appreciably from those

in the eastern part. "Natural ground water in humid, vegetated areas sometimes

contains as much as 5 mg/L BOD.

An oil and grease determination, because it is primarily a screening

laboratory analysis, offers only a gross indication of possible contamination

and cannot be relied on as most other laboratory procedures. Oil and grease
concentrations, hich ranged from 0 to 4 rag/L, are low. Only one correlation

with kno, water-quality characteristics is suggested; water from well RIOS,

probably contaminated with a fuel substance, contained 3 mg/L. A reported
concentration of 4 mg/L for well AF2 cannot be explained and may or may not be

significant.

Fecal Coliform and Fecal Streptococci Bacteria

Fecal coliform bacteria are that part of the coliform group present in the

intestines and feces of warm blooded animals. Fecal streptococci are normally

found in the intestine of man and animals and are more specific indicators of

fecal pollution. The Geological Survey used the membrane filter techniques for

these determinations. When filters do not develop characteristic colonies,

Geological Survey practice is to report results as "less than I." Most deter-

minations yielded this result. When colonies did develop, the number was low

enough that the ntnber counted was not considered statistically valid. Such

values are reported as nonideal counts and are preceeded by "lq’ in table 2. In

general, fecal coliform and fecal streptococci bacteria are low in ground water

at Wurtsmith Air Force Base.

Gross Alpha and Gross Beta Activity

Analyses indicate that radioactivity in ground water at Wurtsmith Air

Force Base is lo. Most results in table 2 are reported as "less than" values,

indicating that the count rate was too low to report more precisely than the

mximum possible value. Drinking-water standards of the U.S. Environmental
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Protection Agency (1977) require that if gross beta particle activity (referred

to cesium-137 as a standard) exceeds 50 pCi/L (picocuries per liter), major

radioactive constituents must be identified by analysis. No values approaching
this level were dtected.

thematical conversion of the measured gross beta activity as cesium-137

to gross beta act|vity as strontium-90 suggest that three wells (R16S, R22S,

and AF15) could hve strontium-90 levels that exceed the Environmental Protection

Agency standard of 8 pCi/L. Because of this, specific analyses for strontim-

90 were made. Re.ults were as follows: well AF15, <0.4 pCi/L; well R16S,

0.9 pEi/L; and well R22S, 0.8 pEi/L. With respect to gross alpha activity, the

Geological Survey reports results in g/L as natural uranium. Conversion to

pCi/L can be made by multiplying values given in table 2 by O. 68. Such a

conversion indicates that the maximum gross alpha activity (<15), which was

detected in water from well R16S, does not exceed the Enviromnental Protection

Agency drinking-water standard of 15 pCi/L.

SUqARYANDCONCLUSIONS

The principal aquifer in the Wurtsmith Air Force Base area is a sand

gravel unit that extends from land surface to a depth that averages 65 feet.

The unit isostly a medium to coarse sand containing some gravel. Thin beds

of clay lie at depths ranging from 5 to 15 feet in the northern part of the

Base. Underlying the sand and gravel unit, is a bed of relatively impermeable

clay at least 125 feet thick.

The sand and gravel aquifer is mostly under water-table conditions. The

depth to water ranges from about 25 feet near Van Etten Lake to less than 10

feet at places along the western part of the Base. bst ground-water flow is

eastward toard Van Etten Lake and Van Etten Creek; a small part flows south-

ward to the/u Sable River. In areas influenced by pumping, the natural

direction of flow is significantly altered as water moves toward the pumped

wells. hter levels fluctuate from 1 to 3 feet annually. The general con-

figuration of the water table, however, does not change signficantly.

o-dimensional finite-difference flowmodels were used to describe

ground-water movement and to simulate water levels. Model simulations indicate

that flow m the Base may be as low as 0.i ft/day and as high as 1.0 ft/day,

depending location. Average flow ranges from 0.8 ft/day in the eastern part

of the Base to 0.3 ft/day in the western part. bbdel simulations indicate that

hydraulic conductivity is about I00 ft/day in the eastern part of the Base and

about i50ft/day in the western part.

Trichloroethylene that leaked from a buried storage tank near Building 43

moved northeas,’ard under the influence of the natural ground-water gradient.

and the puping of Base water-supply wells. The most highly contaminated water

(greater than 1,000 vg/L) is fotmd in a band along Arrow Street between well

AF57 andS, although that part of the plume having less than 50 vg/L is

broader amlextencls northeas,’ard to Perimeter Road. bvement of the most

highly contaminated part of the plume seems to have been arrested by pumping;

however, eas,’ard movement of the plume can be prevented only by near capacity

pumping of existing purge well.
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About 580 gall(ns of trichloroethylcnc was purged from the ground-water

system between Novenber 1977 and March 1981. Eighty-four percent of that

amount has been ptnped from wells AF3 n,d AFS7. The rate of removal has been

closely related to the rate of purge pumping. Removal of contaminated water

could be more rapid if three additional purge wells were installed. A model

simulation indicates that, with additional purge wells and supply wells pumping,

water levels in the most highly concentrated part of the Building 43 plume will

be lowered about 1S feet, and trichloroethylene will not escape to Van Etten

Lake. Because trichloroethylene is not uniformly distributed in the aquifer,

no prediction can be made of the time required to reduce concentrations to

specified levels until new purge wells are in full operation.

Trichloroethylene in water from supp’ly wells AF18 and AF19 in 1978 did not

come from the Building 43 spill site. A ground-water divide observed during

the study, which runs diagonally across the Base, indicates that migration of

trichloroethylene southwestward is not possible.

Ground-water contaminated with trichloroethylene has been identified in

the vicinity of the alert apron. No spill sites have been located, but concen-

trations of about 1,000 vg/L have been detected west. of the alert apron near

Pride Road. Data indicate two plumes exist. The major and southernmost plume

extends off Base to the area o Pierce’s Point. Trichloroethylene in the

Charles Pierce well probably had its origin on the Base some years ago. A

smaIler, less well defined plume or area of contamination occurs immediately

north of the major plume. The location of the alert apron prevents precise

definition of its northeastern boundary. Water from well R94S, R94D, and R95S,

just east of the alert apron, does not contain trichloroethylene; this suggests

that the smaller plume terminates under the alert apron. Monitoring of these

wells, and wells IllS, RID, and RI2D, could provide early warning of north-

eastward movement.

/ simulation of ground-water flow in the area of the Alert Apron plume

indicates that 12 small-diameter purge wells, each capable of pumping about 40

gal/min, are hydrologically suitable for most rapidly and efficiently removing

trichloroethylene from the system.

Analysis of ground-water-flow data indicate that trichloroethylene detected

in water east of the waste-treatment plant did not come from the leakage of the

storage tank at Building 43. Sludge placed in the drying beds at the plant

before installation of carbon filtration on the Base is the most plausable

origin of trichloroethylene in the water. Trichloroethylene was not found to

be adsorb.ed on soils, cores, or surface sludge material, although other organic

compounds were detected.

Ground-ater flow from the northern landfill area is northeastward toward

Van Etten Lake. Dichloroethylene and benzene are more commonly detected in

ground water than is trichloroethylene, although a higher concentration of

trichloroethylene was detected. No evidence was found that leakage from the

buried tankers containing trichloroethylene has contaminated ground water.

Dichloroethylene and benzene occur primarily in the shallow part of the aquifer;

the source seems to be in the western landfill area. The source of trichloro-

ethylene seems to be in the southwestern landfill area.
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Dichloroeth),lene occurs in ground water in the general area encompassed by
the Building 43 l richloroethylene plume. Concentrations are highest, however,
approximately 900 feet northwest of the Building 43 spill site. Investigat-’on
detected dichloroethylene westward as far as Sk/way Street and disclosed traces
of trichloroethylene and benzene. Dichloroethylene tends to be in the deeper
part of the aquifer; trichloroethylene seems to be at more shallow depths.
Benzene contamination is localized; a JP-4 fuel pump house is the likely source.
Under the influence of the natural ground-water gradient and puping in the
vicinity of Arrow Street, contaminants are being dran eastward to the Building
43 plume area.

Benzene, probably indicative of ground-water contamination by a fuel
substance, was detected in concentrations exceeding 1,000 ug/L in water east of
the bulk-fuel storage tanks. Data indicate that the benzene is primarily in.
the shallo part of the aquifer and that a plume extends northeastward from the
bulk-fuel storage area to the vicinity of the hospital. Its source is likely
one or more of the storage tanks or from spillage on the ground in the recent
past. Ground-water movement is influenced by pumping of Base supply and purge
wells. Based on model simulations, installing and pumping five purge wells,
having a total capacity of 150 gal/min, seems to be the most hydrologically
suitable scheme for rapid removal of the fuel substance from the aquifer.

Trichloroethylene, benzene, and dichloroethylene have been found in grc,mnd
water in the immediate vicinity of the seepage lagoons. Concentrations have
decreased, however, since 1978 largely because these substances are no longer
contained in water pumped from the treatment plant.

Analyses by the Geological Survey for a variety of chemical, physical, and
biologic characteristics of water were made to evaluate general water-quality
conditions, ith particular reference to landfills. Concentrations of trace
metals, with the exception of zinc, were low at all locations. Water from -ells
O2S and R29S had nickel concentrations of I00 ug/L. Based on specific-conductance
measurements, dissolved-solids concentration ranges from i00 to 200 mg/L over
much of the Base. On the eastern part of the Base, in an area of concentrated
operations and activity, the range is about 200 to 440 mg/L. Levels are similar
in the northern landfill area, where seepage from the landfill probably increases
dissolved-slids concentration. Concentration is highest in water from AFI5 and
is probably related to seepage from sludge drying beds at the waste-treatment
plant. In general, chloride concentrations follow a pattern similar to dissolved
solids. Nitrate plus nitrite concentrations show less consistent areal distri-
bution than either chloride or dissolved-solids concentrations. Concentrations
of nitrate plus nitrite exceeding 5 mg/L were found in water from several
wells, some of which were adjacent to landfills. Water from well AF15 con-
tained as much as 28 rag/L, an amount that considerably exceeds drinking-water
standards of the Environmental Protection Agency. At most locations, bio-
chemical oxygen demand and chemical ox2"gen demand concentrations are not particu-
larly suggestive of ground-water contamination. However, well R22S in the
northern landfill area had a BOD concentration of 13.8 mg/L. Well O2S, south
of the seepage lagoons, had a BOD concentration of 14.2 mg/L. With respect to
chemical oxygen demand, water from wells 06D and R10S contained 39 mg/L and 66
rag/L, respectively. It seems certain that the higher concentration of chemical
oxygen demand in R10S is related to benzene detected in the area.
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Gross beta activity md gross alpha activity in water did not exceed

Environmental Protection Agcncy drinking-water standards. Standards were also

met when specific analyses for strontium-90 were made.
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Development and Calibration
of lydraul-l-C-dels

Mathematical silm]ation of ground-water flow was based on steady-state,

two-dimensional finite-difference models. These models were developed using a

computer program described by Trescott, Pinder, and Larson (1976). One moel,
referred to in this report as the "Base model," was used tO describe general

ground-water flow conditions for the entire tkse. dels of two areas--the

Building 5 plane area and the Alert Apron phone area--were developed for

detailed evaluations. Each model was used to refine estimates of the aquifer’s

hydraulic parameters and to aid in ca]culating the rate and direction of ground-

water flow.

Modeling required that the ground-water flow system be divided into

discrete cells. Estimates of hydraulic parameters were initially assigned to

each cell and boundary conditions were specified. The computer program was

then used to calculate water levels. Calculated levels were compared to

observed water levels. If the levels matched, the model was considered cali-

brated. If they did not match, the hydraulic parameters were adjusted and new

water levels were calculated. This procedure was repeated until each model was

calibrated.

Hydraulic conductivity, determined by model calibration, is 100 ft/day in

the eastern part of the Base and 150 ft/day in the western part. These values

are within the range of hydraulic conductivities determined in the field.

Ground-water recharge was determined to be 15 inches per year, which is about

50 percent of the annual precipitation. This seems reasonable because the Base

is relatively flat, sparsely vegetated, has sandy surface soil, and low surface

runoff.

Base bdel

The Base model, enclosed by an impermeable boundary, covers an area. of

about 15 square miles (fig. 38). It encompasses the entire Base and an area to

the east and south including Van Etten Lake, Van F.tten Creek, and part of the

Au Sable River. Flow in the sand and gravel aquifer that underlies the Base

was simulated by dividing the area into 523 cells. All cells were represented

by squares that measured 742 feet along a side.

The est side of the model area is bounded at some places by cells that

represent constant heads (water levels) and at other places by cells that

represent noflow conditions. Constant-head cells were located to coincide with

the 620-foot equipotential line that was determined from field data. Noflow

cells were located along ground-water flow lines.

The south side of the model area represents the Au Sable River. Because

the river bed consists of permeable material, it is considered as a series of

constant head cells and is set to the level of the water surface of the river.

The east side of the model area represents Van Etten Lake and Van Etten Creek.

The lake and creek bottoms are less permeable, and thus are considered as leaky

streambed cells, that is, they simulate flow from the aquifer through confining

beds to the lake and creek. Hydraulic head values for those parts of the

leaky-streambed cells overlying the confining bed were set to a level that

represented the water surface of the lake and stream. Use of leak%’-strean.bed
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Figure 38.--Grid used for Wurtsmith Air Force Base model.





cells was justified because simulations showed that the hydraulic conductivity
of the streambed and lakebed influenced the shape of the water table in the

vicinity of the shores. The streambed and lakebed were simulated as having a

uniform thickness of 1 foot. Model results best matched field data when the
values of conductivities assigned the leaky-streambed cells were 0.02 ft/day
for confining beds under Van Etten Creek and the southeast part of Van Etten
lke, and 0.07 ft/day for confining beds mder the northwest part of the lake.

The north side of the model area is partly bounded by the leaky-streanbed
cells described above, and partly by hollow cells located along ground-water
flow lines.

The Base model simulated conditions existing in March 1980. At that time,
water-table fluctuations were minimal and were considered to represent steady-
state conditions. Pumping rates of Base supply and purge wells used in the

model were as follows:

Well Pumping rate (gal/min)

AFI 180
AF2 140
AF3 49
AF4 130
AF5 125
AFI8 0
AFI9 0
AF55 45
AFS6 0
AF57 34
AF58 0
AF59 34
AF60 4

Figure 39 compares the water table simulated by the Base model with water

levels in 57 wells in brch 1980. The largest deviations between simulated

lvels and field measurements are at the seepage lagoons in the southwestern

part of the Base. Because the lagoons were not simulated, the differences

probably are due to induced recharge from the lagoons. Seepage lagoons were

omitted from the model because the size of the lagoons is small compared to the

size of the cell, and it was believed that the impact of the lagoons on ground-
water levels would be negligible. Model simulation, however, indicates that

the lagoons create a higher water table than would be expected under natural

conditions.

Building 43 Plume Model

The Building 43 plume model was developed to study ground-water flow in

the vicinity of and from the sp511 site. The area was divided by grid into

2,689 cells (fig. 40). The grid was designed so that the smallest cells, I00

feet on a side, represented the spill site and areas of heavy ptping.

Boundaries used for the model were similar in design to those used in the

Base model. The south side of the model is bounded by constant-head cells

representing the Au Sable River. The east side, representing Van Etten Lake

and Van Etten Creek, is botmded by leaky-streambed cells. The north and west
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Figure 39.--Water levels in wells and water table simulated by Wurtsmith Air Force

Base model, March 1980.





Figure 40.--Grid used for Buildin@ 43 plume model.





sides are bounded by t-ostaf1-hcad and noflow cells located to coincide with

equipotential lines :,d grouml-water flow lines determined by the Base model.

The Building 43 plume 1del was calibrated simultaneously with the Base model

for the ,tarch 1980 pe.-iod. Figure 41 compares the water table simulated by the

model with water levels in 28 wells in harch 1980.

Alert Apron Plume Vbdel

The Alert Apron plume model was developed to study ground-water flow from

the storage area near Pride Road to Pierce’s Point. The Alert Apron plume area

was divided by a grid into 1,062 cells (fig. 42). The grid was designed so

that the smallest cells, 120 feet on a side, represented the area near Pierce’s

Point.

Boundaries used for the model were similar to those used in the other

models. The northeast side of the model is bounded by leaky-streambed cells

representing Van Etten Lake. The south side is bounded by constant-head cells.

The west and east sides are bounded by noflow cells. Constant-head and noflow

cells are located along equipotential lines and streamflow lines, respectively.

Figure 43 compares the water table simulated by the Alert Apron plume model

with water levels in 36 wells in August 1980. The results of the simulation

are comparable with water levels measured in the field.
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Figure 41.--Water levels in wells and water table simulated
by Building 45 plume model, March 1980.





0 SO0 I000 FIET

0 I00 UET[RI

Figure 42’--Grid used for Alert Apron plume model.
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Figure 43.--Water levels in wells.and water table simulated by Alert Apron plume model, Augsut 1980.
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Table l.--An;il),scs of trichlorocthyl’ne, dicliloroethylene, and

benzene in ground water

_/-Analyses by U,S. Geological Sux,cy. ND indicates not detected._

4

kFI8

AF69

AFT2

1980

1980

1, 980
er.-b 20. 1979

ury 10, 1980

jcy ), 1980

18, 1980

20 1979

10 1980

1980

1979

ethylene
(|/L]

6.$

4.$

3000

D

3.$

(1

23

?0

1S

12

9

Yarch lZ, 1981

Octobr 7,

10, 1981

October 7, 190

TCI0, 1901

Dece:-2" 17, 1980

:’T. ] 1980

Beriberi7 1980

Becber 1, 1980

lihMoro,

eth)’l’,
(.ilL)

HID

HZD

H

H

H4S

H4D

H
HSD

H12S

H12D

H1.3S

HI

H4D

a!s cta, oer xfferntiated hydra.

s6 ]e of alsoc 1.209 HL ntene.

ec le also ctaed
also taed 4.0 g/k tetlorLhvlene Xr 5, 1981.

a]c 21 uL tetrachlor)’e d 3.0 uL tol.
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Table 1.--/alyscs of tz.i.chlorocthylcnc, d ichlorocthylene, and

benzene in gromd water--Contimed

20, 1979

O7D

OS

20, 1979

8S





Table 1. --Analyses of trichloroethylcne, dichlorocthylcne, and

benzene in grotmd water--Contimled

RTD

1979

1980

th)’ien

)

D

40

SO__

)

)

RI)D

P.12D

R14D

PJ6D

R17S

31, 1980

Oichloro-
ethy)ene
(./L)

I)

b.0

Z___
6.0

1,100

9.8

1/ Kater also ccmtained toluene Jaguar. 31, 1980.

I Nater also contained oher diffetiat h)’darb rceer 17, 1930.

3/ Water also cLn 21 /L total orgic car cer 17, 1980.

W/ ter al cmed of tetrachlo’e Je II, 1980: secd sle also ctain 12 ug/L of tricrthylene

Je II, 19.





Table 1.- /knalyses of trkchloroethylevc, dichloroethylcne, and

benzene in ground watcr--Continued

Trichloro- Dichloro-

k’cll ntrer Dte ethylcne eChylene In
(ufL) (,g/t) (.g/L)- , n, o -- 5A; :n h; -%o ---- --g 13. 1980 372

13 1980

R4 t 13 1980. 13. 1980

R4 pt 13 1980

RS t 13980 M

3ne |1, 1980 282 ]q)_
i__s_!98o zso o

90 i1 . xsso o
1980 5.1- z, .m

2S 2. 19 <1 Z9

"’,, lO 11 17

4D 1 19 1

l 22. 1 65

" 22, 1 3.0

R39S Jme 11. 1980

Rss st__x 198o

R46S Aunst 13 1980 186

R475 t 13 1980 33

R4 pt 13.1980

Cr l?, 1980 S6

t 13, 1980 1074

ter 1980 867

D ter 1980 1.0

_
lS t 13. 1980 21

t 13. 1980 19

t 13. 1980

4S ter 29 1980
.ust 13, 1980 2.0

R288 Jue 11, 1980 I

t 13, 19

S 11. 1980 169

t 13. 19 265

. 13. ;

2

__
19

t 13, 1980

,35 ___ll.1980 9.0

[ 13t 1980

e 11. 19 215

P.598

POS

I._/ /ater also confined 157 ug/L teCrachloroethylene Jtme II. 1983; seccd sample also contained 18 g/L of trichloroethylene

.hme 11, 1980.
Z/ Iater also contained 16 ug/L tecrachloroethylene ust 13. 1980.

3._/ A secul smuple also contained 3.9 ug/L trichloroerhylene June 11, 1980.
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Table 1. --Analyses of trichlorocthyl one, didlloroethylene,

benzene in grotmd watcr--Contiamtxi

!] mer

P75

Rbg$

RT(]S

R725

R74S

7S5

R765

R76D

R77S

R77D

R78S

R78D

R7S

RSOS

I0D

October 29, 3980

Oct#oer 29, 1980

tr 29, ]980

tr , 1980

tr 29, 1980

t , 1980

12, 1981

12, 3981

12 1981

18 1980

C 17 1980

17, 1980

17, 1980

17. 1980

IEZS Deember 18, 1980

R2D l:c-er 18, 1980

18, 1980 8.0

p..1.11 Decemlr ]8, 1980 54

RE.c Deember 18 1980

r 5, 1981 48

P.TD D:ei" 18, 1980 I)

RBES lrch 2, 1981

RD Ym.h 2, 1981

y mid

40

145 $.1

]SS 9.0

I) I)

$.7 lid

4.1 5.9

Z ND

95 rch 2, 1981

R889 HatCh 2, 1981

P.90S 10, 1981

lS 10, 1981

4S 10, 981

1/ Jter also cotane 12 ug/L tetraclorocylene.
7/ ater also omalned 13 ]- tetrach]oroety]ene rch 5, 1981.

/ aer also laLned 57 /L of oher mdifferentiated hydro-
carLn calculated ,n:ene ,rc 5, 1981.

4/ A second saple also conaLned 642 u/L richlooe*Jylne.
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Table 2.--thcmical, physical, and biological characteri.stics

of ground water

-Analyses by U.S. Geological Survey_

Well
(,g/L (pCi/L a. (pi/L J.. S-y -ovehle xyg-t,ral) G 17)/ Sr-90) (L) (,L J (mL) (L )

D July 16, 1980 42.7 (l.b (l.S b.l .

S ly 14. 190 (6.1 <.1 (3.0 14.2 Z? Zl

O ly 15, 19 41.7 <.8 (.8 3.1 0 3.9 10

RZD Iy 15, 19 (5.9 <2.2 (2.0 7.1 11 17

:D Jy 15, 1 (Z.9 (I.0 (.9 7.2 0 13 1.3 (10

4D ly IS,’l (9.9 (S.Z (S.0 7.8 10

y 15, 1 (7.9 $. S.6 4.8 4 10

r 1, 1
1.2

7S Ju]y lS, 19 (4.8 Z.S Z.3 6.0 0 0 IZ

OD .Iy 16, 1 (Z.l (1. (1. 7.3 0 l.I 10

IS ly 16, 1 (3.7 1.8 1.6 1.1 9 .9 10

ZS ly 16, 1 11 11 13.8 12 14

ly 14, 1 (3.0 (1.0 (.9 .0 3.Z

tD ly 16, 1 <2.7 (1.3 (1.2 7.3 0 18 1.7

#::; II, 1 4.9

y 14, 1 (5.2 (2.1 <2.0 6.8 1.1

ly 16, 1 (2.2 (1.2 (1.1 7.2 1.9 lO

S y 16, 1 (3.4 <1.2 <1.1 6.9 0 2.4

% ; 17, 1 <1.2 (.7 (.7 6.3 1.3

ly 15, 19 (5.5 (Z.l (Z.I 0 6 7.0 10

ly IS, 1 (5.8 42.1 42.0 7.2 0 9 7.0

4 ly 15, 1 43.0 (1. (1.7 .8 b 21 2.8 0

1 IS, 19 (2.3 (1.3 (I.Z 7.Z 0 1.7 10

15 ly 15, 1980 (12 9.0 8.6 7.2 0 18, 18 10

57 July 15, 1 (Z.Z <2.0 .7 0 12 3.0

a/ Smaple$ collected Sepccbcr 17, 190.

/ Samples collated tr 17 18, 19.

-ial colby (less 20 lies filter).

les collt tr 18. 1980.

(g/L Cr) (+g/L Cu) (Cols./IO mJ

(1

0

0 (1
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Table 2.--Ch,mical, physical, and biological characteristics

of gromd water--Continued

It)O0 ly 1. lgJo

ly 16,

l 0

!

I|

0
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Table 3.--Analyses of well cores, soils, and sludge bed mterial for hydrocarbons

-Analyses by U.S. Geological Survey. ND indicates not detected._

Location

Slude Bed 1
Sludge Bed 1

Sludge Bed 2
Sludge Bed 2

Sludge Bed 3
Sludge Bed 5

Sludge Bed 4
Sludge Bed 4

Sludge terial,
Bed 3 y 6,

Site A y 6,
Site A May 6,

Site B y 6,
Site B y 6,

Well R?6D rch
Well R?6D rch

Date

1981

1981
1981

1981
1981

12, 1981
12, 1981

Depth
(feet)

I C/

Surface

S
i0

Tri-
chloro-
ethylene
Cg/kg)

Di-
chloro-
ehtylene
Cug/kg)

i0 b/

12 b_/
trace

Benzene
(g/kg)

9.0
ND

17
4.1

7.6
ND

ND

29

S.5

6.0
i0

Toluene
(ug/kg)

34

2.7
3.1

Well R76D
Well R76D
Well R76D

Well R77D
Well R77D
Well R77D
Well R77D
Well R77D

rch 12, 1981
March 12, 1981
March 12, 1981

rch 12, 1981
rch 12, 1981
rch 12, 1981
March 12, 1981
rch 12, 1981

20
40
S0

5
i0
15
30
S0

a/ Sample also contained methylene chloride (12
/ trans 1,2-Dichloroethylene
/ Sample also contained methylene chloride

/ Sample also contained methylene chloride (26

2.0
1.0

4.7
43

,g/kg).

g/kg), and tetrachloroethylene (11 ug/kg).
ug/kg)

Total
undifferentiated
hydrocarbons,.
calculated as

benzene {ug/kg)

13

82
124

157
93

18

54

17

13
10

B.0
6.0





Table 4.-Ixcal.ion ,and identification of wells at lhrtsmith

Air Force P,ase

I.ZS 20.01 1-30-80
).SO 1.9

I.SO 2.2
1.25 |.9 3- 24-01

1.25 1.7 3-24-81
3.25 2.4 3-24-81

25 3 24 81

1.25 1.3 3-24-81
1.25 1.3 3-24-81
.25 1.4 3-24-8)

.25 1.7 3-24-81
).25 .7 3-24-81

1.25 1.0 3-24-81
4.00 2.4 1-30-80
4.00 3.0 1-30-80
4.00 2.3 1-30-80
1.25 3.0 )-30-80

1.25 3.3 1-30-g0

1.25 S.O 1-30-80
1.25 2.7 1-30-BO
1.ZS 3.2 1-30-80
1.25 2.8 1-30-80

.25 3.4 1-30-80
).25 2.2 1-30-80
1.25 ].2 12-05-79
].25 ].3 ]-30-80

1.2S 2.1 )-30-80

.25 3.0 1-30-80

.25 3.) i- 30-80
1.25 2.9 1-30-80
.2S 2.6 1-30-80

1.25 2.8 1-50-80

GIgS 632 19.6 1.25
G20S 615.07 22.5 1.25

G215 623.98 12.7 3.25

G2 637.58 29.0 1.25
G225 637.09 18.3 1.2S

GZSS 62 15.2 3.25

.45 626 ]4.| |.25

GZSS 629 )8.3 !.25

G20S 626 14.6 1.2S

H 111 65 4.00

H )S 20 4.00

H 2D 620.99 65 4.00

H 2S 621.15 28 4.00

H 3D 621.46 60 4.00

H 62).47 28 4.00

H 4D 621.28 65 4.00

H 4S 621.11 28 4.00

H SD 621.2 65 4.00
H 55 62).20 28 4.00

H 6D 620.53 65 4.00

H 65 629.70 28 4.00
H 8D 617.59 65 4.00

H 8S 617.63 20 4.00

HOS 610.74 20 4.00
IL) 617.79 65 4.00

H135 617.78 20 4.00
H) 6]7.01 65 4.00
HI2S 637.63 28 4.00
H13D 618.48 6S 4.00
H]SS 618.2 20 4.00

H14D b)7.g0 60 4.00
H145 6]7.79 2 4.00
0 1D 627.48 b0.5 4.00
O ZD 626.7] 41.0 4.00
O 7.5 626.21 29.$ 4.00

O SD 620.36 67.0 4.00
O 49 6]7.70 50.9 4.00
O 45 617.38 26.3 4.00
0 5D 616.95 65.4 4.00
O 55 6]6.26 27.2 4.00

O 69 6]5.43 4.0 4.00
O 0S 6]4.57 S0.0 4.00
O 7D 618.50 6.5 4.00
0 75 617.$9 27.2 4.00
O 89 614.50 56.S 4.00

O 05 614.94 28.7 4.00
0 9D 611.23 50.0 4.00
0 95 61).89 0.8 4.00
010D 609.70 47.4 4.00
O10S 609.55 31.3 4.00

R ID 617.67 68.8 4.00
R 1S 617.39 29.4 4.00
R 2D 6) 6.34 67.8 4.00
R ZS 615.96 29.9 4.00
R 3D 609.22 53.9 4.00

R 35 609.47 33.3 4.00
R 4D 612.69 $7.4 4.00
R 45 611.84 28.8 4.00
R 5D 6]5.$3 58.5 4.00
R SS 6lS,lS 32.5 4.00

R 6D 616.17 60.7 4.00
R 65 6)6.79 30.4 4.00
R 7D 616.12 58.3 4.00
R 7S 616.75 28.8 4.00
R 8D 6]6.43 S?.0 4.00

3.? 9,13 i-30-|0

3,2 20.45 1-30-80
3.0 I1.34 I-M-80
3.6 17.95 1-30-80
3.0 17.45 1-30-00

3.0 )O.ZO 1-30-80
3.3 1.13 1-30-00
4.3 7.43 1-30-80
3.2 6.99 -)0-00
1.0 16.91 3-03-81

.0 ]6.62 3-03-01
2.0 17.70 3-23-0]
].$ 17.46 3-23-$1

]S.09
18.06 3-23-01

1.9 ]g.OB 3-23-01
1.9 ]0.93

1.9 20.0S 3-23-8]

3.9 19.9 3-23-8]
]9.57 3-23-0]

1.0 19.73 3-23-8]

1. 17.70 3-23-8]
1,0 ]7.79 3-23-0]

1.0 19.27 3-25-8)
1.7 10.73 3-23-8]

1.5 ]8.67 3-23-8]

1.7 18.71 -2
1.5 10.71
.0 19.47 3-23-8]

1.7 19.3] 3-23-8]

3.6 1.09 5-23-81
3.6 ]8.96

3.0 11.42 1-30-0C
2.5 13.07 ]-30-8C

2.6 13.17 3-30-0C

2.0 12.28
2.6 37.7,3 3-,30-8(
2.2 17.35 ]-30-1C
3.] 19.07 1-30-8|

2.2 18.77 1-30-8!

3.0 23.24 ]-50-$!

2.] 23.35 1-30-8!
3.2 19.9]

Z.l 15.87 1-0-8(

2. I$.73 1-30-0{

2.7 10.06
2.2 10.21 1-30-0{
2.7 19.88 1-30-6{

3.4 20.72 1-30-0{
2,7 20.49 1-30-7.

3.0 22.41 1-30-!
2.6 Z2.32 1-30-8(

2.7 21.77 1-30-8(

2.6 21.59 1-30-8{

3.1 20.33 1-30-8(

3.3 20.53 1-30-8{

3.1 23.52 1-30-8(
2,2 22.62 1-30-8(

2.0 22,12 1-30-8(
2.0 21.90 1-30-8(

2.3 23.)7 )-30-8(

3.1 23.73 )-30-8[

1.7 21.16 -30-8{

2.4 21.89
3.0 20.28 1-30-8(
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Tble 4.--l.,,cation and identification of wells at rtsmith

Air Force Base--Continued

Ltitudc ph of
11 be-

acal ring land

.dent oint rfe

fier ft) ft)

85 HS.9 28.3
R 18.80 62.9
R 95 b9.59 28.4
RIO 15.39 .S
R]OS IS.2S 28.0

P1 b13.72 .0
PIlS 614.73 2b.1
RI2D 622.67 73.0

40 618.05 65.6
alas 618.03 33.1
RISD 625.8 78.0
R6D 22.02 6.
01 62.SS 3).4

75 616.22 33.6
180 616.42 S7.3
R1 616. 36.0
01 616.74 67.6

616.54 38.8
0D 6[S. 44.0
R2IS 617.80 32.7

618.69 .g
618.98 32.6

0235 611.22 33.7
0240 626.18 43.9
R255 613. 33.
60 632.05 44.0

614.94 44.0

7S 614.67 34.6
R28 S .20 34.7
R295 613.10 34.6
S 615.
15 612.82 .5

25 65.99 .6
35 614.28 34.7
45 614.57 .7
SS 616.32 34.6

617. M.O

616.93 34.7
P7S 616.79
85 615.79 .6
R3gS 619.77 37.4
R40S 621.39 .
R415 617.32 28.9
R425 626.24 34.6
435 621.44 28.8
R445 624.35 34.8
R4SS 624. Sd 28.9

0465 619. 23.9
0475 620.0d
0485 621.4C 28.4
g4gS 618.9 23.7
PD 621. 52.3

621.S 23.6
RS1S 621.3 23.4
2S 621.62 23.8
RS3S 621.5S 2.7
qS 625. 29.2

RSSS 622.16 2L9
RS 68.84 23.6
0575 623.72 23.6
RS 619,63 23.7
RSgS 620.26 23,

asi.n$

4.00
4.00
4.00
4.00
4.00

4.00
4,00
4.00
4.00
4.00

4.00
4.00
4.00
4.00
4.1

4.00
4.00
4.00
4.00
4.00

4.O8
4.00
4.00
4.00
4.00

4.00
4.00
4.00
4.00
4.00

4.00
4.00
4.00
4.00
4.00

4.00
4.00
4.00
4.00
4.00

4.00
4.00
4.00
4.00
4.00

4.00
4.00
4.00
4.00

4.00
4,00

4.00
4.00
4.00

4.00
4.00
4.00
4.00
4.00

4.00
4.00
4.00
4.00
4.00

.ight of ’ate
aurng leel
)int belo. Date

lnd asurg
face t level

[feet) (t) u

2.2 19.82 1-30-80
2. 20. 1-30-80
3A 2 .44 1-30-80
2.S 20.65 -30-80
2.2 20.SO 1-30-80

2.8 20.62 1-30-80
3.6 2L77 -30-80
3.3 29- -30-80
2.7 22.43 -30-80
2.0 20.55 7-15-80

2,6 16.47 1-30-80
2.5 5.42 7-15-80
2.8 2.70 1-30-80
2.6 17.69 i-30-80

2.4 16.44 7-6-80

2.7 23.89 4-16-80
2.0 . 4-16-80

2.1 .33 4-15-80
2.0 23.43 4-5-80
2.8 .74 4-15-80

2.5 23.59 4-15-80
2.4 22.81 S-02-80
2.8 9.89 S-02-80
1.6 12.89 3-1-81
2.3 3.15 3-11-81

2.1 21. S-02-80
2.4 17.05 S-02-80
2.3 2.21 S-02-80
2.2 10. 5-02-80
Z.S 20.18 6-10-80

1.9 19.98 6-0-80
1.8 18.32 6-09-80
1.9 21.75 6-09-80
2.1 22.65 6-09-80
2.0 19.24 6-09-80

1.9 20.13 6-10-80
1.8 18. 6-10-80
L8 8.95 6-10-80
1.9 16.85 6-10-80
2.0 17. 8-13-80

i.8 27.12 6-0-80
L9 16.92 6-0-80
1.9 18.86 6-10-80
3.1 24.08 6-10-80
2.0 19.75 8-12-80

L8 7.13 8-13-80
Lg 23.94 8-13-80
1.7 18.7[ 8-13-80
.7 21. 8-2-80

1.6 }9.96 8-12-80

1.6 14.]7 8-13-80
1.8 4.75 8-13-80
2.1 4.23 8-13-80
L8 12.5S 8-[3-80

2.2 24.98 10-3-80

L9 4.74 8-13-80
2.1 14.40 8-3-80
L7 }4.57 8-13-80
1. 14.41 8-13-80
1.6 20.46 10-3-80

L9 7.18 0-31-80
L9 13. 10-31-80
1.9 16.40 0-3-80
1.8 14. 0-31-80
2.0 13.91 10-31-80

ident-
ifier

R60S
R61S

R6
R645

R6SS

R675
RS

RT
R71S
0725
0735

R7
R77S

R780
RTgS

R79S

1S

70

1S

Y
Y4D
Y 4M
Y 4S

Y SD
Y 6S
Y 75
Y 9S
0S

1S
1
1
1
Y13S

45
Y155
Y16S
Y17
Y18D

YI
Y185
Y}9D

(fet)

620.60
619.8
621.2
620.73
621.36

622.87
622.88
622.47
622 91
623.14

622.25
622,84
623.$4

622.74
623.85

623.02
611.77
611.58
613.17
632.44

607.76
607.75
614.01
615.82
615.10

614.67
613.87
614 .O8
612.88
613.32

613.25
613.91
614.71
618.32
618.28

618.18
617.77
618.44
618.27
619.8

619.85
616.57
616.27
616.22
740

749
670
612.25
611.89
609.88

608.10
621
625
611
595

620
596.78
$97.73
597.79
605

$84

610

610.10
607

6O8.48
608.22
618.31

11

(feet)

23.6
24.0
23.8
23.6
23.6

23.6
18.6
18.6
18.6
18.5

23.7
18.6
19.5
19.2
19.2

19.4
49
28
49
28

49.5
28.4
33.6
49.3
33.6

34.3
49.2
33.S
28.4
28.5

28.7
24.8
45.3
50.7
29.7

50.7
30.0
28
28
28

28

28
28
52.0

62.5
19.7
53.5
38.4
21,4

45.3
31.9
40.1
31.1
15.5

37.
39.3
27.8
18.0
31.3

10.6
3.5
31.0
43.3
4g.S

.S

4.00 1.9 15.41 -31-80

4.00 1.S 11.47 -31-80
4.00 1.7 12.65 -31-80
4.00 1.9 13.08 -31-80

4.00 1.9 13.59 -31-80

4.00 1.9 14.94 ,-31-80

4,00 1.7 11.24 ,-31-80

4.00 -1.7 10.59 ,-31-80

4.00 1.7 11.00 ,-31-80

4.00 1.8 11.20 -31-80

4.00 ].8 12.01 t-31-80
4.00 1.8 10.95 1-31-80
4.00 0.9 9.85 -31-0
4.00 1.1 9.70 1-31-80
4.00 1.1 10.40

4.00 0.9 10.34 1-31-80
4.00 1.7 19.0 ;-12-81

4.00 1.6 18.86 ;-12-81

4.00 1.8 20.46 ;-12-81

4.00 1.7 19.76 ;-12-91

4.00 1.7 19.61 L-21-81
4.00 1.8 19.64 L-21-81
4.00 1.9 23.54 [-21-81

4.00 1.9 25.22 L-Z1-81
4.O8 1.9 24.$4 L-ZI-81

4.00 1.2 22.62 L-Zl-8]

4.00 2.0 21.49 i-21-81
4.00 2.0 21.69 L-21"81
4.00 1.8 20.24 |-21-8]

4.00 1.7 20.69 [-21-81

4.00 1.5 20.01 t-21-81
4.00 1.8 20.38 1-21-81
4.00 1.9 19,35 L-21-81
4.00 1.8 20.43 Z-09-81
4.00 1.8 20.35 2-09-81

4.00 1.8 20.09 1-09-81
4.00 l.S 19.69 2-09-81
4.00 1.8 18.76 3-24-81
4.00 1.5 15.52 3-24-81
4.00 1.8 13.96 3-12-81

4.00 l.S 14.08 3-12-81
4.00 1.8 20.46 3-12-81
4.00 1.6 20.11 3-12-81
4.00 1.7 19.65 3-12-81
1.25 3.0 37.86 1-30-80

1.25 3.1 36.86 1-30-80
1.25 3.S 0.94 1-29-S0
1.25 4.0 20.84 1-30-80
1.25 2.0 20.43 1-30-80
1.25 4.0 18.52 1-30-8C

1.25 1.6 19.12 1-30-8C
1.25 4,5 19.05 1-29-8C
1.25 2.7 31.66 1-29-8fl
1.25 2.6 15.03 1-30-8C
1.2S 2.4 6.S0 1-30-8C

1.25 2.5 7.73 1-30-8C
1.25 1.9 8.49 1-30-8
1.25 2.7 9.65 1-30-8
1.25 2.8 9.70 1-30-0C
1.25 2.4 15.63 1-30-8C

1.25 2.0 S.26 1-30-8C
1.25 3.0 26.22 i-30-8C
1.25 2.4 23.38 1-30-8C
1.25 3.7 21.33 1-30-8C
1.25 2.6 18.06 1-30-8(

1.25 3.3 18.9 1-30-8C
1.25 3.2 18.63 1-30-8C
1.25 4.0 23.05 1-30-8(
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